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FOREWORD  TO  STUDENTS  . 

This  Radiological  Sa-fety  Handbook  is  a  study  aid  for  students 
attending  the  Radiological  Safety  Course  instructed  by  the  NBC  Division, 
.CJiemicalAnd  Grbund  Support  Training  Department,.  U.S.  Army  Ordnance 
Center  and  School,  Aberdeen  Proving  Ground,  MD  21005.    It  should  prove 
invaluable  in  providing  students  with'the  practical  knowledge  of  solving 
problems  i5ertinent  to  radiological  safety  -  a  must  for  the  completion  of 
>this  course  -  and  will  be  ^  valuable  asset  for  on-the-jpb  reference. 

Subjects  are' presented' numerically  according  to  their  file 
numbers^  v/lth  pages  v/ithin  each  lesson  n'jmbered  in  sequencs. 

Each  lesson  file  number  is  presented  in  five j parts  as  applicable. 

•  I.    fiefe'rences  and/ or  Discussion.   '  \  -  ' 

"  II.'   Lesson  Objectives  and  Notes.       '     :  '  "-  - 

III.    Laboratory  Exercise  and/or  Handouts. 

IV .-^  Problems.  •  .    ,  -      '  . 

V.    Solutions  to  Problems. 

Bf'cauce  there  may  be  cjeveral  correct  methods  of  solving  the  ' 
problemG^  the  solutions  pjiven  are  for  only  one  method.    Other  methods 
may  be  equally  valid  but  may  give,  a  slightly  different  numerical  .  *  . 

an:>wer;  roar;onable  agreement^  though^  is  necessary. 

This  publication  has  deliberately  been  slanted  toward^  a  specific 
objective;  there  is  no  claim  of  its  being  exhaustive  or  all-inclusive. 
Inntructorn  will  be  happy  to  recommend  other  references  when  further 
information  ic  desired  or  ^required. 

The  NBC  Division  welcomes  any*comments  or  corrections  concerniYig  - 
this  Handbook.  .  ^  ^ 
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FADIATIOH  SAFETY  PK2CAUTI0NS. 
A.      Radiation  Hazax-ds*. 


To  tram  personnel  properly  in  the  use  and  operation  of  radiac 
instruments,  radioactive  mgterials  are  u^ed'in  many  of- the  exer- 
cises  conducted  .in  the  Radiological  Laboratories.    There  is  a     •  ' 
X^alth  hazard  involved  when  these  radioactive  materials  are  used. 
ba^etx:  me|sures,  have  beea.  prescribed  so  that  these-hazards  rnaf^- 
b*  reduced  to  a  safe  limit.  ■  An  office  bas  been  set  up  -fco  insure 
that  these  safety  measures  are  carried  out.'^^his  organization 
IS  known  as  the  Health  Physics  Division. 

Safety  Procedures. 
.  1.      The  fundam^ental  purposes  for  radiatio'n  safety  measures  are: 

•a.      to  prevent  .ingestion,  inhalation,  or  oth^r  entry  of 
radioisotopes  into  the  body, 

b.  to  maintain  the. amount  of  external  exposure  to  ionizing"" 
• '  radiation  below  permissible  limits,  an^ 

c.  ,   to  minimize  the  exposure  of  personnel  to  hamful  ionizing 

radiation.  ,        *  ,  .  - 


The 
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prescribed  radiation  safety  precautions  used  at  the  U.  S. 
Army  Ordnanc^  Center  and  School  include  the  following: 

^'      Personnel  will  wear  film  badges  for  all  laboratory  ' 
periods.    These, film  badges  a^e  initially,  signed  for 
by  students  in  the  home  classroom.    For"  all  classes 
requiring  fi2jn  badges,  students  obtain  them  from  the 
film  badge  racks  outside  the  scaler  lab  (classroom  T) 
These  racks  contain  numbered  film  badges.    Posted  above 
the'rapks  is  a  class  roster  indicating  the  film  badge  ' 
assigned  to  each  student.    Records  6f  radiation'  exposures 
are  made  for  all  pe:rsonnel  exposed  to  radiation    at  the 

'      r,^^-'    "^^^^^  recordS^re-l^ept  on  permanent  file  in 'the 
Radiation  Dosimetry-Section,  and  at  the  conclusion  of  , 
each  clas§  the  student's  organization  receives  a  copy 
if  his  dose  exceeds  20  mrem. 

^'   .  No  smoking,  drinking,  or  eating  is  permitted  at  any  time 
in  the  presence  of  radioactive  materials.    Areas  TnThX~, 
laboratories  in  which  these  safety  precautions  are  en- 
forced are  the  scaler  laboratory  (LAB  9),  laboratory''4  &  ,5^ 
■   Bldg  5218,  and  the  alpha  monitoring  area.  ' 
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Hands  will  be  washed  prior  to  each  departure  from  the 
laborsrtorv  when  radioactive  emitters  have  betn  handled. 
Lavatory  facilities  are  provided  for  this  purpose. 


Radioag^i^ 
'  instrumer: 


ive  materials  usecfflfbr  the  calibration  of  radiac 

  ents  will  not  be  handled  or  tampered  with  in  any 

way  by  unauthorized  personnel. 
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DBOlO,  STRUCTURE  OF^ls^AfTER  ' 
References:  Chapters  1  and  2  attach^;  ST  3-155,  para  1.  1-1.5. 
Leseon  Objectives  and  Notes: 

A.  Concept  of  atoms  including  protons,  electrons,  and  neutrons. 

B.  Use  of  the  A  and  Z-  number  notation. 

C.  Concept  of  isotopes. 
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NotesV 


III.  Handouts:  None 
IV ;  Problems :  -None 
-y.     Solutions:  None 


J 

.     -f      ^  CHAPTER  1 

STRUCroRE  OF 
1.1.    GENERAL  *       -  — 


In  order  to  understand  nuclear  radiatiea,  one  must  acquire  a  knowi- 
pdge.-of  the  structure  of  matter,  particularly  the  structure  of  the  atom. 
Nuclear  radiation  comes  fwm  within  matter  as  a  spontaneous  emission:  ' 
specifically,  it  comes  from  the  nucleus  of  the"  atpm.    This  chapter 
provides  a  brief  discussion  of  the  structure  of  the  atom  as  a  back- 
grouna^Oir  studying  the -nature  of  radiation.      *'  ^ . 

1.2.    EEiEMEJSTS  AKD  COMPOUNDS  '     .  ■ 

n 

a.  '  The  following  definitions  dealing  with  the  structure  of  matter  - 
aro  necessary:  />  ■ 

» 

(l)   Elements  are  pure  substances  i^ich  cannot  be  broken  down" 

into  s3^er  substanSes  by  ch^cal' reactions.  'The  smallest 
subdivision  of  the  element  which  maintains-  the  properties  of 
the  element  is  the  atom.  \ 

1  ^  .  ,  ^ 

I     (2)    compounds  are  substances  (consisting  of  two  or  more  elements) 
which  may,  be  broken  down  into  simpler  substances  by  chemical 
reactions;  and,  likewise,  may  be  formed  from  simpler  sub-  ' 
stances.    Bie  new^r^b^ftances  JNormed  do  not  exhibit  the 


•  characteristic?^  the  origi«i  substance.    For  example, 

sugar  is  a  c<a%ound  ;diich  can  be  broken  down  into  the  ele- 
ments carbon,  hydrogen,  and  oxygeh.    The  smallest  subdivision 
of  the  compound  which  ^till  retains  its  properties  is  the 
^  'molecule,  which  is  a  group  of  two  or  more  atoms  tightly  held 

•  together., 

b.    Thte  dS^liirfction  between  an  element  and  a  compound  is  mkde.  on  tjie 
basis  of  chemical  reactions.    Means  of  producing  chemical  reactions 
include  such  procedures  as  heating,  applying  pressure^-  using  a  substaiice 
which  promotes  reaction  (catalyst),  electrolysis,  or  other  change  If 
large  numbers  of  reproducible  experiments  on  soihe  pure  isolated  substance 
show  that  none  of  these  means  is  cafjable  of  breaking  the  substance  down 
into  still  other  substances,  then  the  substance  is  said  to  be  an  Element 
There  are  92  naturally  ocoipring  elements  and  in  rfecent  times  11  addi-  ' 
tional  elements  have  been  produced  artificially  in  laboratories.  From" 
the^OS  elements,  it  is  possible  to  produce  by  chemical  reaction  all 
the  G?3m^ouD^  known  (ae  well  as  many  that  are  as  yet  unknown).  For 
example,  water  is  made  up  ofthe' elements  hydrogen  and  oxygen'.  When 
two  atoms  of .hydrogenjfcmbine  with  one  atom  of  oxygen,  they  form  one 
molecule  of  the  compbi^K  water. 


c.    It-  is  exceedingly  diffie^olt"  to  visualise  tbe  fantastically  small 
zize  of  ^toms.    For  ezaarple,  in  one  grain  of  ordinary  table  salt^  there 
are  approximately  1,300,000^000^000,000^000,000  atoms^  half  of  vhich 
are  sodium  atpms  and  half  of  vhich  are  chlorine  atc«ns<    Each  atom  has 
a  diameter  of  about  0.00000001  centimeter. 

a.    Each  element  has  a  different  name  and  is  represented  by  a  symbol, 
yhialg^  ic  simply  a  shorthand  notation-    For  example,  the  element  hydrogen 
IS  given  the  symbol,  "tf';  the  symbol  for  V^e  element  helium  is  "He,"  In 
general,  these  symbols  ^e  chosen  as  the  first  letter  or  first  two  let- 
ter's of  ^ the  element  name,  although  to  avoid  duplication  it  may  be  neces- 
sar:y'  to  use  the  first  letter  and  a  letter  other  t\!aji  the  secon^.  Also, 
some  of  the  symbols  appear  illogical  because  they  are  based  on  the  old^ 
Latin  names  for  the  elements,  such  as  "Na"  for  sodium  and  "Au'  for  gold- 
The  great  advantage  of  the  element  symbols  is  that  they  .enable  one  to 
represent  chemical  reacl^ion^  and  chemical'  ccnnpounds  in  an  abbreviated 
fashion;  for  example,  the  statement  that  a  molecule  of  water  is  ccmposed 
of  two  atoms  of  .hydrogen  and  c*k;  atom^^of  oxygen  may  be  abbreviated  by 
saying  that  the  formula  for  water  is  "H2O. "  .  • 

1.3.    ATOMIC  STHJCTURE  ,  •  , 

-a.    In  spite  of  their  extremely  small  .size,  atoms  are  built  up  from 
still  smaller  particles.    There  are  three  suc>i  particles,  the  electron, 
the  proton,  and  the  neutron.   "Ehe  many  different  kinds  of  atoms  are  all 
produced  by  conbining  these  three  particles  in  different  mujibers.        ^  • 


b.    Although  atoms  f rom  ^one  element  differ  from  thoseBf  another,  all 
atoms  have -the  same  general  type  of  structure  and  , are  often  described 
by  comparing  them  to  our  solar  system.     (Although  we  now  know 'this  is 
XiOt  Gtrictly  correct,  its  features  give  a  good  explanation  of  the  simple 
phenomena  vhich  mil  be  considered  in  this  text.  )    The  nucleus  is  the'-  ^ 
-enter  of  the  atom,  Just  as  the  sun  is  the  center  of  our  solar  system,  ^ 
The  nucleus  has  a  positive  electrical  charge  and  is  composed  of  one  or 
•more  protons  ^nd  neutrons.    Moving  at  great  speed  around  the  nucleus  ' 
in  orbits,  much  as  planets  move  about  the  sun,  ere^a  number  of  particles 
called  electrons.    Tne  electrons  have  a  negative  charge.    This  structure 
is  illustrated  in  figure  1.3a. 
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ORBITS 

Elecfrons  (in^  orbit) 


NUCLEUS 


Proton^ 


Neutrons 


Figure  1.3a.    Structure  of  an  atom. 


£.  ,  The  electrons  are  not  distributed  at  random  about  the  nucleus, 
but  exist  in  arrangements  that  follow  definite  laws.    As  the  atom 
becomes  more  complex- the  electrons  are  found  in  several  orbits  or 
shells,  of  different -sizes.  ^No  more  than  two  electrons  may"  be^  present 
yin^the  first  shell,  no  matter  which  atom  is  undjsr  consideration ^  If 
an  atom  has  more  than  two  electrons,  the  electrons  in  excess^  of  two 
wiil,l  lie  in  shells  past  the  first  one.    The  shells  are  normally  desig- 
nated by  capital  letters,  the  first  shell  being  denoted  by  K,  the 
second  by  L,  the  third  by  M,  and  so  on  (fig.  1.3b).    In  the  more  com- 
plex atoms,  like  those  of  radium  and  uranium,  there  are  as  many  as 
seven  elect-ron  shells  surrounding  the  nucleus  of  the  atom.  ^ 
C  ^ 

^     d.    The  nucleus  contains  almost  all  of  the  mass  of  the  atom,  yet 
'the  dimeter  of  the  atom  ;Ls  roughly  10^000  times  the.  diameter  of  the 
nucleus.    The  atom,  therefore,  is  composed  mostly  of  empty  space. 

£.    One  may  very  well  wonder  "vAiat  holds  the  atom  together.-  It  is 
'well  known  that  unlike  electrical  charges  attract  one  another,  whereas' 
iike  electrical  charges  repel  one  another.    Since  the  electrons  have  a 
negative  charge  and  the  nucleus  has  a  positive  charge,  there  is  a  force 
of  attraction*  between  them.    What,*  then,  keeps  the  electron  from  being 
pulled'' into  the  nucleus?    The  electrons*  are  traveling  at  great  speeds 
in  orbits  about  the  nucleus,  and,  as  a  r,esult,  there  is  a  centrifugal 
force  tending  to  throw  the  electron  away  from  the  nucleus.    The  balance 


NUaEUS 


"L"  SHELL 


Figure  1.3b.    Atom  structure  shoving  shell  designations.  (StrMC- 
■Sure  of  a  carbon  auom  shoving  nucleus  containing  6 
protons  and  6  neutrons  surrounded  by  2  electrons  in 
the  first,  or  "K,"  shell  and^U  electrons  in  the  "Ll' 
sHtll. )     *       '  *  . 

V 

r 

betvefen  the  attractive  electrical  force  and  the  centrifugal  force  keeps 
,  the  electrons  in  their  orbits. 

.        Let  us  consider  tvo  properties  of  each  of  'the  thre.e  kinds  of 
particles' of  an  atom:    th§ir  charge  and.the:^r  mass.    The  term  "charge^' 
refers  to  their  electrical  charge.    The  magnitude  of  the  electrical 
charge  on  an  electron  has  been  chosen  as  one  unit  of  charge.  •  The  term  . 
*'mass_|'  refers  to  a  measure  of  the  quantity  of  mattex  and*' atomic  mass  is 
the  measure  of  the  quantity  of  matter  in  an  atom.    Because  atoms  are- 
so* very  small,  it  vould'be  exceedingly  inconvenient  to  give  their 
masses  in  terms  of  pounds,  ounces,  or  even  grams.    A  different 'system 
has  been  ar^51trarily  set  up.    It  is  called  the  atomic  mass  unit  (amu) 
system.    One  atomit  inass  .unit  is^a  relative  unit  defined  by  arbitrarily  ^ 
assigning  to  the  atom  of  ordinary  carbon  a  mass  of  12  amu.    On  this 


scale  the  mass  of  the  proton  is  approximately  1  atomic  mass  unit. and 
the  other  particles  may  be  ccmpared  with  .it  as  a  standard. 

(1)  Tjae  electron  is  a  negatively^charged  particle  (charge  of  -l) 
and  has  a  mass  of  approximately  l/l^k^  atqmic  mass  unit.  li 
is  by  far  the  li^test  of  the  three  basic  particles. 

(2)  The  proton  has  a  mass  of  approximately  1  atomic  mass  unit  and 
has  a  charge  of  +1.  ^  • 

(3)  The  neutron  has  a  mass  only  slightly  larger  than  that  of  a 
proton.    For  the  purposes,  of  this  text^  it  may  be  said  that 

it  has  a  mass  of  1  atcsnijs  mass  unit.     (Its  .mass  may  be  stat^  ' 
as  1+  to  indicate  that  it  is  slightly  more  than  that  of  the 
proton.)    Eie  neutron  has  no  electrical  charge  (neutral). 
^  Since  the  nucleus  of  an  a^toin  has  •  only  protons  and  neutrons  in  * 
it,  it  has  a  positive  electrical  charge  and  the  magnitude  of 
this  charg;e  i&  the. same  as  the  number  of  protons  in  the  nucleus. 
The  properties  of  these  particl-es  are  summarized,  in  table  1.1. 

Table  1.1.    Properties  of  Atonic  Particles 


Particle 

Charge 

Mass  {ami) 

Location  within  the  atom 

» 

Exact 

Approximate 

Electron 

-1 

* 

0.  0005't9 

.Orbits  outside  nucleus 

Proton 

+1 

1. 007277 

1     '  . 

.Nucleus 

Neutron  . 

0 

1.  008665 

1+ 

'JIuQleus 
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^.    We  know  from  eveiyday  experience  that  the -objects,  around  us  are 
electrically  neutral.    If  this  were  not  so^ .we  would  receive  enormous 
electrical  shocks  from  everything  we  touch.    This  must  mean  that  eveiy  " 
atom  in  the  things  around  us  is  electrically  neutral.*  .The  only  way  ' 
this  is  possible  is  for  the  atom  to  have  the  same  number'  of  electrons  ' 
and. protons^  thus  creating  ^  J^alance  between  the  positive  and  negative 
charges.    Therefore,  a  statement  of  the  number  of  protons  in  an  atom  is 
also  a  statement  of  the  number  of  electrons. 

hj    What  holds  the  nucleus  together?    The  only  charged  particles  in 
it  are  protons,  which  ought  to  repel  each  other..    This  phenomenpn  1,3 
being  investigated  with  great  intel-est  by  iphysicists.    It  is  known  that  • 
there  is  some  force"  acting. to  hold  the  nucleus  together  which  is  unknown 
in  connection  with  any  other  physical  phenomenon.    If,  for  example,  two 
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protons  were  brought  slowly  together^  the  force  of  repulsion  <tue  to 
tUeir  having  like  charges  would  become  stronger  and  stronger  until  they 
were  extremely  close  together/ when  suddenly  the  al^tractive  force  acting 
on  nuclear  particles  would^take  over  and  the  two  protons vwOuld  be  / 

^brought  strongly  together.    At  present,  the  nature  of  this  attractive  ' 

'.force  remains  a  mystery.^ 


i.  Figure  1.3c  shows^  some  examples,  selected  at  random,  of  atomic 
structures  to  illustrate  that  the  atoms  of  all* elements  are  made  up  ^ 
from  different  combinations  of  the  same  three  ba^ic^Tparticles. 
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Dffi  A  MD  Z  NUMBER  SYSIEM  /  /  ' 

i 

a.  A  shorthand  notation  has  been  developed  which  quickly  ideates 
the'^exact  structure  of  any  atom.    ,The  notation  is  as  follows:  -  : 

^  ;    in  vhich  ^  *  .  '  \^ 

X  i3  a  general  representation  of  any  element  symbol  (in  eac| 
case  the  appropriate  element  symbol  would  be  used) 

Z  i=  the  numbdr  of 'protons  in  the  nucleus 

A '=  ttxe  number  of  protons' and  neutrons  in  the /nucleus  . 

b.  Since  the  Z  number,  is  equal  to  the  number  of  prions  in  the 
nucTeus    it  is  also  equal  to  the  number  of  electrons  dutside  the  nucleus 
in  the  normal  neutral  atom.    The  Z  numbei^  is  us^ally /called  the  atomic 
number >    The  significance  of  this  term  is  that  all  the  elements  may  be  ; 
arranged  in  a  sequence  according  to  certain  measurable  chemical  and 
physical  properties,    ©lis  sequence  corresponds  to^ah  increasing  number 
of  protons,  so  that  the  position  of  the  elehieiit  in^ this  sequence  (its 
^atomic  nuhiber")  is  the  same  as  the  number  of  protons. 

c.  ^  The  ^chemical  properties  of  an  atom  depend/ on  the  number  of  elec- 
trons it  possesses;  only  electrons^take  yoxl  in ^chemical  reactions;  the 
nucleus  is  unaffected.    Since  the  number  of  protons  equals  the  number 
of  electrons,  it  is ^possible  to  say  that  the  chemical  properties  depend 
on  the  number  of  protons.    Thus,  the  number  of' protons  (Z  number,  or 
atomic  number)  identifies  which  element  is  represented  by  a  particular 
atomic,  structure.    For  example,  all  atdms  of  the  chemical  element  sodium 
have  11  protons.    Therefore,  writing  a  Z  number  of  11  is  the  same  asT  ^ 
writing  th^  the  element  is  sodium  or  that  the  element  symbol- is  Na. 
Thus    the  Z  number  effeptively  tells  tJhat  the  element  is,  and,  conversely 
th^  element  symbol  tells  vhat  the  Z  numbed  is,  although  it  W  be  nec^- 
saiy  to  go  to  a  table  to  determine  one  frpm  the  other. 
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0    ELECTRON  *  ,         '  ' 

0   PROTON        •  : -  '  ^ 

O   NEUTRON  . 

*  it 

Figure  1.3c.    fixamples  of  atomic  structures* 


d.    l!he  A  nurfber  is  bften  called  'the  nucleon  number ♦    A  nucleon  is 
defined any  particle  found  in' the  nucleus;  the  term  simply  provided 
a  convenient  way  of  ref ending  to  both  protons  and  neutrons.    Since  the 
.A  number  represents  the  sum  of,  the  protons  and  neutrons^  it  is  equal  to 
the  number  of  nucleons.    The  A  number  is  also  called  the  atomic  mass 
niimber* .  Since  the  mass  of  both  the  proton  and  the  neutron  is  approxi- 
mately, one^  the  sum  of  protons  and  neutrons  gives  the  mass  of  the 
nucleus  (and  the  atom^  because  the  masses  of  the  electrons  are  nearly  * 
zero);  hence,  the  tem^  "atomic  mass  'number/" 

*  The  number  of  neutrons  in  the  atom  is  given  by  the  difference 
between  the  ^  and  Z  number^:  • 

A  -     =  numher  of  neutrons '  ' 

f.    An  Example  of  the  A  and  Z  number  terminology  and  the  deductions 
that  can  be  made  from  it  are  indicated  below. 


.EXAMPLE: 


35ci 
17^^ 


Number  of  prdtons  in  this  atom:  17 
Number  of  electrons  iA  this  atom:  17 

Number  o'f  neutrons  and  protons  (nucleo^s)  in  this  atom;  ^  35 

Number  of  neutrons  in  this  atom:    35  -  17  =  lo 

Element  of  vhich  this  is  an  atom:    CI  (chlorine) 

1.5.    IBOTOPES  '  ,  •    .  _  *  ' 

'    a.    It  is  possible  for  different  atoms  of  the  same  element  toJiave 
somewhat  different  nuclear  styuetures.    OJhis  difference  must  not  be  in 
the  number  of  protons^  since  J.t  has  already  been  stated  that  the  element 
is  determined  b'y  the  number  .ot  protons  in  the  nuclei  oif  thc2  atoms  of 
the  subgta^nce*    The  difference  is  in  the  number  of  neutrons.  For/example^ 
there  are  three  known  forms -of  the  element  hydrogen  (three  isotopes  of 
hydrogen) —two  are  foi;ind  in  nature  and  one  is  njanmade.    The  structures 
of  these  three  atomic  forms  of  hydrogen  are  illustrated  in  figure  1.5* 

b_. Figure  1.5  should  indicate  to  tjie  reader  the  criterion  for  iso- 
topes :    Tv/o  (or  more)  atoms  are  isotopes  if  they  have  the  same  number 
of  protons  hut  different  numbers  of  neutrons.    Another  way  of  stating  ^ 
the  same  definition  is:    Two  (or  more)atoms  are  isotopes  if  they  have 
the  same.Z  number  but  different  A  numbers. 


Number  of  protons 
Element 
Element  symbol 
Number  of  neutrons 
Number  ofnucleons 
Complete  symbol  * 


1 


f  Hydrogen-? 
I  {Deuterium) 

1  ' '  H 


Hydrogen*Z 
(Tritium) 

H  * 

2 


rigure  1.5»    The  isotopes  of  hydrogen. 


c_.    Since  two  atomic  fonn^  which  a're  isotopic  have  the  same  number  ^ 
of , protons,  they  have  the  same  number  of  electrons;  'therefore,  they 
will  behave  the  same  chemically.    The  differences  inx^jehavlor'are  in  ' 
physical  properties;  for  example,  hydrogen-1   (Ir)  and  hydrogen-2 
(fH)  IHt  radioactive,  yet  hjndrogen-S  (Jh)    is  radioactive. 

d.    Because  the  three  isotopes  of  hydrogen  have  bdtoome  very  important 
in  nuclear- work,  each  has  been  given  a  separate  name  for  simplicity  in 
speaking.    These. names  are:  . 


hydrogen-1 
hydrogen-2 
hydrogen-3 


(common)  hydrogen 

deuterium 

tritium 


Hydrogen  is  the  only  element  for  -wjiich  a  special  nomenclature  has  been 
devised  for  the  different  isotopes.    For  all  other  elements,  the  differ- 
ent isotopes  are  spoken  of  by  the  more  basic  nomenclature;  for  example 
jjHe    and  gHe    are  referred  t6  as  heXium-3  and  helium-4,  respectively.  ' 

je.    Isotopes  always  occur  as  two  or  more  for  any  given  element.  It 
is  proper  %o  speak  of  isotopes  as  isotopes  of  the  element  which  they 
represent;  thus,  helium-3  and  helium-^  may  be  spoken  of  as  the  isotopes. 

O      '    .      ■  11      ■  ^     ■  '  '  ' 
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f .  "  BflE)ugh  custom^  a  rather  '  oose,  terminology  has  becomje  accepted^ 
in  which jS.1  atomic  species  ^itiBf^ollectiv^ly*  referr-ed  to  as  isotopes. 
For  exaii^e,  one  might  read  that  "two  radioac,tive  isotopefi  commonly 
use^  toigfelibrate  radiac  instruments  are  cobalt-60  and  cesium-137*  " 
This  term!&iplogy  is  actually  in  error ^  siace  these  twp  Structures  are 
n6t  isotopes" of  one  another!    However,  such  usage  is  quite  common.  -  A 
more  accurate  way  of  speaking  employs  the  term  "nuclide."  A  nuclHe  is 
any  nuclear  species;    Thus,  the  statemeni^,  /^^Two  radioactive  nuclides  ^ 
commonly ^ used  tp  calibrate  radiac  instruments ^are  cobalt -60  and  cesium- 
137,"  contains  no  error.    The  more  accurate  terms  "isotope"  and  "nucl3.de 
will  be  used  in  this  text^.  ^' 

1.6,    M/^S-ENEE»Y  EQUBTALEWCE 

For  centuries  man  believed  in  twin  laws  of  conservation,  the  conser- 
vation  of  energy,  which  states  energy  cannot  be  creatisd  nor  destroyed,*^^  ' 
and  the  conservation  bf  matter,  which  states  that  mass  cannot  be  created 
nor  destroyed.    Today  we  know  that  these  laws  are  not  vali^  when  th^y 
are  considered  indivi^dually.     In  I905  Einstein  disco^^red  a  new  law 
often  referred  to  as  conservation  of  m^ss-energy  whicfi  states  that  mass 
and  energy  cannot  be  created  or  destroyed  but  can  be  converted  from  one 
form  to  the  other,,    Thus,  if  sane  mass  disappears,,  an  b<p^valent  amount 
of 'energy  will  appear.    This  equivalence  is  given  by  the  equatign: 


E 


mc^ 


where r 


E 


m 


rgy  m  ergs 
rest  mass  in  grains 


=  speed  of  light^  3  x  10^^  cm/sec 


This  equation  states  that  any  body  having  a  rest  mass  (m)  also  has  a  ^ 
total  efifejpgy  (E)  associated  with  it  given  by  the  product  of  its  mass 
multiplied  by  the  square  of  the  speed  of  light.     On  the  basis  of.  this 
.concept,  a  1-gram  mass  ^  an  element  is  equivalent  to  an  energy  of 
9  X  1020  ^rgs:  '  '  , 


E  =  mc' 


E  =  (1)(3  x^°)^  ergs 

PC) 

E  =  9  X  lO'^^  ergs 


and  since  l.erg  -  2.T8  x  10"^^  kilowatt-hours 
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E    =    (9  ^  10^^)  xy2.78  X  10-1'^)   -        \      '         .    ^  ^ 
.'E    =    25,000,000  Kilowatt  hours ^ 

This  ^Tio^t  of  eaergy,  in  thermal  units,  is  equal  to  approximately  85 
billion  BTU  or  21  trillion  calories  of  heat  energy. ' 

1.7.    M/feS  DEFECT  AND  BINDING  ENERGY  '  •  • 

\  , 
One  mi^ht  belie^re  that  the  mass  of  an  atom  could  be  determined  by 
count iag  the  number  of  neutrons',  protons,  and  electrons,  and  simply 
|iding  the  masses  of  these  basic  particles.  ,  Let's  experime^nt  with^' 

6F,  a  common  isotope  of^luorine.    This  isotope  has  9  protons,  9 
electrons;  and  10  neutron^ 

.  nine  protons  (9  x  1.00727X)      =      9.065U93  amu  *•  ^ 

nine  electons  (9  x  0.0005^^9)'*  =      O.OOU9U1  amu 

.    ten  neutrons  (10  x  1.008665^    =^  10.0866$0  amu 
;  Total  19.15708i;  amu 

V  .  .  .  • 

19.1570^^  amu  represents  the  sum  of  the  masses  of  the  basic " particles 
ia  the    ^  atom.    From  a  table. of  atomic  masses,  such  as  may  'be  found  [ 
in  Ordnance  Parii  Z5,  we  find  that  th«  known  mass  of  this  .nuclide  • 
is  18.998405  amu.  -The  difference  between  the  known  mass 
and  the  sum  of  the  masses  of  the  particles  is  a.l58679  amu.    It  appears  - 
that  the         atom  is  miss-las.  this  amount  of  mass.    Careful  study  has 
shown  that  when  Sn  atom  is  formed  from  the  basic  particles  a  certain  - 
anount  of  mas^  di|appears  and  chaages  to  energy  in  accordance  with 
Einstein's  E  =  mc  .    This  mass. that  is  lost  is  called  the  mass  defect. 
Every  different  atom  has  a 'different  mass  defect.    The  energy  tJjat  is  ' 
released  when  an  atom  is  formed -from'  the  basic  particles  is  proportional 
to  the  mass  defect  and  is  called  the  binding  .energy. of  the  atom.  Be- 
cause biniias  energies  for  particular  atoms  are  much  smaller  than 
energies  iJe  are  familiar  with  in  everyday  life/  a'  small  unit  of  energy 
must  be  used  to  describe  them.    Aa  electron  volt  (ev)'ls  a  useful  small 
unit^of  energy  commonly 'used  in  nuclear  physics?    To  define  an  electron 
volt,  consider  two  parallel  chargejd  plates  connected  by  a  1-volt  battery.  ' 
One  plat9  wfll  be  attached  to  the  positive  pole  of  -the  battery  and  will  . 
therefore  have  a  positive  charge-^n  it;  the  other  plate  will  be  at^bached 
to- the  negative- pole  and  have  a  negative  charge  op  it.    If  an  electron 
is  released  near  the  surface  of  the  negative  plate,  it  will  be  attracted, 
to  the  positive  plate  since  an  electron  is  negatlyely  charged.    The  amount 
of  kinetic  energy  (speed)  that  "it  will  possess  when  It  hits  the  positive'  ' 
plate  will  be  equal  to  1  electron-volt,    'in  the  nuclear  ^ents  discussed 
in  the  -later  chapters  of  this  tex.t,  units  of  millions  of  electron  volts 
(Mev)  are  used.  v   '     •  ~  ■ — ; — ^  

.  22 

» 

.  ■   •     .  -  13      .  ■  ' 


CHAPTER  2 
NATURE  OF  RADIOAOPIVITy 

{  ■ 

2.1.  GENERAL 

An  understanding  of  the  military  aspects  of  radioactivi1;y  and  radi- 
ation hazards  requires  some  knowledge  of  the  nature ^of  radioactivity) 
This  chapter  is  designed  to  give  the  reeider  that  knowledge.    It  begina 
with  a  brief  historical  background,  then  discusses  the  observed  prop- 
erties of  each  type  ^  of  nuclear  radiation  and  how  we  majf  represent  ^ 
these  radioactive^rocesse^  in  nuclear  reaction  equations.    A  brief 
discussion  is  given^  concerning  the  origin  of  the  different  types  of 
radiation  in  the  nucleus.    Several  examples  of  artificially  induced 
reactions  are  given,  including  two  especially  important  ones-'-fission 
and  fusion. 

2; 2.    HISTORICAL  BACKGRCUIID 

a.    Most  persons^  first  heard  of  nuclear  radiation  when  the  first 
atomic  bombs  were  dropped  on  Japan  in  19^5-    Therefore,  it^ls  commoi^y 
believed  that  nuclear  radiation. is  something  very 'new  to  mGto's  experience 
This  is  not  true;  actually,  nuclear  radiation  was  discovered  in  I896  by 
a  Pyench  scientist  named  Henri  BeCquerel.    Becquerel  e:gperifflented  with 
fluorescent  crystals  which  when  struck  by  ordinary  white  light  gave  off 
in  return  light  of , some; color,  $uch  as  pink  or  green.    He  discovered, 
he  believed,  that  certain  crystals  when  struck  by  light  gave  off  some 
sort  of  very  penetrating  rays,  different  from  light  rays,  capable  of 
penetrating  thin  sheets  of  paper  or  metal.        .  '     '     '  *  , 

b*   »In  the  cou^e  of  trying  to  determine  the  properties  of  th^se*  . 
subTtanees  that  gave  off  the  penetrating  rays,  Becquerel  regularly 
performed  the  following  experiment:    He  ^pped  a  idiotographic  plate 
with  a  piece  of  paper  bo  that  light  could  not  get  to  the  plate  and 
expose  itj  then,,  on  top  of  the  paper  he  put' a  small  pile  of  crystals 
of  a  salt  of  uraniiom  (impure).'  He  then  placed  this  apparatus  outdoors 
in  the  sun  all  day.    At  the  end  of  .  the  day,  he  brought  'the  entire  aet 
of  materials  indoors  and^  developed  the  photographic  plate.    Be  always 
found,  a  black  ^t  on  the  plate  under  the  crystals:    Tliis  led  him  to 
the  belief  that  when  thes6  ^ca:ystals  were  exppsed  to  light  they  gave 
off  some  previously  unknown  kind  Qf  radiatipn  which  was  capable  of  pene- 
trating the  paper  and  exposing  the, film, 

c.    Becquerei^s  experiment_s  with  these  crystals. might /have  proved  no 
more  informative^ than  this  if^ it  had.  not  been  for  a  lucky  accident.  One 
day  >^$n  he  was  preparing,  to  .set  his  standiard  experiment  in  the  sun,  the 
sun  failed  to  cqme  ou,t;  he  therefore  placed  the  entire  apparatus  in  hia. 
top  desk  drafrer  to  await  a  sunny  'day,  ^  As  it  happened  the  sun  failed  to 
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shine  for  several  days;  oq  the  first  day  that  it  did  come  out  he  vas 
going  to  place  the  apparatus  in  the  sun,  but,  for  some  unknown  reason 
he  developed  the  plate  directly  instead.    It  turned  out  that  the  plate  - 
was  blackened  under  the  crystals  in  spite  of  the  fact  that  the  -entire 
apparatus  had  been  in  darkness  for  several  days.    This  forced  Becquerel 
to  revise  his  original  conclusion  about  these  crystals,  .  Apparently 
light  was  not  necessary  to  cause  these  Crystals  to  give  'off  the  pene- 
trating rays;  rather,-  these  rays  were  given  off  spontaneously  from 
withiA  the  material  itself  without  the  assistance  of  any  outside  agency.  * 
We  now  know  that,  these  rays  come  from  the  nuclei  ,of  the  atoms  of  the 
material;  for  this  reason,  they  are  called  nuclear  radiation. 

■     d_.    Further  research  by  Becquerel  and  others  demonstrated  that  the 
emission  of  the  strange  new  penetrating  rays  by  these-substances  (called 
radioactive  substances)  was  unaffected  in  any  way -by  heat,  light  pres- 
sure, chemicals,  mechanical  force, ,or  any  other  means  known  then'  Much 
experimental  work  wqp  done  in  the  years  folldwing  becquerel 's  discovery 
in  an  attempt  to  find  put  wh§,t  sort  of  phenomenon  these  rays  were.  Die 
following  paragraph  describes  one  of  these  early  experilnents  and  the 
conclusions  drawn  from  it,  ^.  ' 

■  J  - 

2.3.    TYPES  OP  RADIATION       '  '  .  '  T  '  ■ 

•  -  a.    At  first  it  was  believed  that  the  rays  emitted  by  radioactive 
substances  were  composed  of  only  one  kind,  the  nature  of  which' was 

•  unknown.    An  early  experiment  which  proved  that  this  belief  was  untrue 
-  IS  Illustrated  in  figure  2.3.    In  the  experiment  depicted  in  part  (l) 

of -the  figure,, a  sample  of  radium  (one  of  the  few^ radioactive  substances 
known  at  the  time)  was  pjaced  at  the  bottom  of  a  cylindrical  hole  drilled 
m  a  piece  of  lead' (the  figure  shows  a  cross  section  of  the  lead 'block)  • 
As  will  be  explained  in  DF060  and  DFIOO,  lead  has  the  ability  to  absorb  radi- 
ation very  effectively,  so  that  very  little  of  the  radiation  escaped 
around  thfe  sides  of  the  blocks  Therefore,  there  was  essentially  a  ' 
■straight    beam"  9f  radiatioy  directly  out  the  hole^.    A  photographic 
plate  was  pla<^d  across ^th/  path  of  the  radiaCtion  and  upon  development 
showed  one  dark  spot  in  tlfe  center  of  the  plate.    This  confirmed  the 
notion' that  onljKone  thing  was  present  in  this  beam  of  radiation. 

b.    In  the  experiment  depicted  in  part  (2)  of  figure  2,3,  the  beam 
of  radiation  was  sub Wted  to  a  strong  electrical  field.    A  photographic  ■ 
plate  was  placed  in  th^eam  of  the  radiation.    However,  vhen  the  plate 
was  developed  it  wa^  fouil^  that  there  were  three  black  spots  on  the  plate  ' 
indicating  that  the  electric  field  had  separated  the  beam  of  radiation  ' 
into  three  kinds  of  radiation,  as  illustratPri  -tn  -hh^  f-tg„>.^     Since  no 
one  knew  what  these  three  kinds,  of  "radiation  were  at  the  time,  they 
were  arbitrarily  named,  by  the  fi^st  three  letters  of  the  Greek  alphabet— 
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alpha '(g)  for  the  kind  attracted  to  the  negative  side  of  the  field, 
bita~(0)  for  the  kind  attracted  to  the  positive  side  of  the- field, 
i^M^ainisa  (r)  for  the  kind  not  attracted  to  either  side.  : 


PHOTOGRAPHIC  PLATE 
I  =3 


PHOTOGRAPHIC  PLATE 


/ 

Seam  of 
radiation 


•  Radium 
source 


(l)    Experiment  without 
electric  field. 


Alpha 


Elmcfrically 
chargfd  plat*% 


(2)    Experimeht  with 
eleet'ric  fj;eld. 


Piizure  2  ^.    Path  of ' emanations  from  a  radium  source:  (l)  without 
electric  field;  (2)  with -electric  /ield. 
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c     Several  conclusions  can  be  reached  as  a  result  of  the  experi- 
nienf' illustrated  in  figure  2.3  beyond  the  basic  one  that  three  kinds 
of  radiation  were  coming  from  .the  (radioactive  substance.  This 
experiment  indicates -that',    (l)  alii)ha  radiat  on    "Jich  wa  attracted 
to  the  negative  plate,  has  a  positive  electrical  charge;  (2)  beta 
radiation    whlchS^s  attracted  to  the  positive  plat^,  has  a  negative 
chargefand  (3)  gSmia  radiation,  which  was  undeflected  by  the  electric 
field,  has  no  charge  (electrically  neutral).  -  ,  , 

J  ....  ,  ^ 

2.U.    ORIGIN  OF  RADIATION  IN  THE  NUCMJS 

There  has  always  been  a  bombardment  of  the  earth  by  one  type,  of 
radS?Ioh--?osmic^adiation.    Also,  many  of  the  machines  of  Tnodern. 

''l6  . 
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science  generate  radiation  hazards.    T&ese  hazards,  however  are 
normally  small  and  closely  controlled  .in  comparison  to  the  Mlitai^ 
picture  which  introduces  the  serious  matter  of  high  dose  'r^tes  atthe 

■TJZn\^  r.''"^  explosion,  or  the  radioStive  hSa^s  of 

radiological  Agents. 

a.    Nuclear  Energy.    An  understanding  of  nuclear  radiation  reauires 
n.^3%«°    f '  °'  radiation         the  nucleus.  Cert^r 

^o  iS^nf^r."^"'  ^!!r        "'^'^  are;«^nst^ntly  attemp?!^ 

^iioreduce  their  ener^  content  by  releasing  eiier^.    They^do  this  by 
^s^txn&-^i^  ur-OQreJf  the  types  of  nuclear  radiation— alpha,  beta" 
•     or  gamma.    (Types  >iiuclear  radiation  are  discussed  'in  P9.ra  2.  5)  '. 
Stajed  another  way,  these  unstable  nuclei  seek  tq  reach-  a  aore  stable 
st^te  by  releasing  excess  energy  as  nuclear  radiation.    This  leSs  us  ■ 
to  the  following  definition  (for  the  purposes  of  this  text)--    A  mdio! 
■t'!^?  (radionuclide)  l.Tnuclfde  who..  ..nraTZk  ufeg^T^ 

nuolei  which,  attfempt  to  r.U  a  more  stable  (jess  energetic  )^^frlrr,, 
•  releasinfif  excess  energy  in  the  form  of  nuclear  raSlat-lnn.  wv,.TrTT::r^ 
•  "IJ^lear  radiation  thus  emi,^ted  is  In  the  form  of  a  charged  paSicle 
_     the  disintegrating  atom  Ijecomes  an  atom  of  a  different  element     For  ' 
example,  when  a  radium  atom,  disintegrates,.  erailTting  radiation  it 
becomes.an  atom  of  radonv    The  resulting  atom  may  also  be  unstable  ' 
and  further  disintegrate  to  an  atom  of  still  another  element, .  This  ' 
may  continue  through  an  entire , series  c^f^  elements  (3T  3-155,  Ch  3).  The* 
- .  i-esul|;  of  this  process  is  a.  family  of  naturally  occurring  radioactive 
elements.    Careful  research  has  developed  the  fact  that  four  families 
_    of  natural  radioactive' elements  exist,  deriving  from  uranium, 

?°/S''^,^t^^'^i'^'         neptunium,,.  The  firsf  three  'decompose  through 
intermediate  steps  to  form  different^isotopes  of  lead.    Sus,  natSal  " 
lead  is  a  mixture  of  the  three. end  products  of  radioatrtive  f^ly  decay 

'  S^H  ^Z"^"^?  ^■^"r-th  radioactive- famil™giS' 

with  the  newly,  prepared  element  neptunium,  has  an  Isotope  of  bismuth  as" 
its  end  product.    ,Neptunium  is  no  longer  fdund  in  nature,  and  the  dis- 
covery of  this -fourth  radioacytive  family  came  as  a  result  of  man's  work 
with  nuclear  weapons.    Neptunium  is  an  intermediate  product  of  the 
atomic  pxle. 

b.    Nuclear  Forces,    To  .iinderstand  radioactivity  fui-ther   a  brief 
discussion  of  the  .interaction  of  forces  in- the  nucleus'  is  desirable,  . 
As  has  been  pointed  out,  it  appears. pe«iliar  that  the  hucleus  Is  held 
together  at  all;  sioce  like  char'^es  repel,  the  electrical  (Ldomb)  - 
forces  between  protons  apparently  should  cause  the  nucleusAo  fly  apart 
How<jver,^  the  repulsive  _  coulomb  forces  between  protons  are  overcome  g  ' 

°'r\^''^'"'''^V^^'''*^-'  ■  ^^^^  ^-ry  Short  range;- 

attxng  only  between  rjucleons  close  tq  each  other,'    The  balance  betweeh  - ' 


« 


th«  attracting  nuclear  forces  and  repelling  couloifib  forces  is  the  important' 
factor. iii  nuclear  stabiUty^  In  stable  atoms  the  attraction  forces  are  _ 
adequate  .to  overcome  the  ruling  .coulOtab  forces,  and  the  nucleus  stays  to- 
gether. 'In  unstable  atoms  tlis  balance  is  a  delicate  one.    The  nucleUs  viU 
hold  together  only  so  long  as.  the  attracting  njaclear  forpes  hold  the  upper 
hand.    If  the  repelling  coulomb  forces • should  overcome  these  strong  at^^ac- 
;Sn  nuclear  fo,Ss,  pLf  of  the  nucleus  may  break  off  and  escape     In  othe^  . 
cases  rearrangements  within  the  nucleus  vhicn  lead  to  more  stable  configura- 
tions may  take  place  without  the  loss  of  particles.    Nuclides -whose  nuclei 
undergo  this  process  are  siid  td  be  unstable  or  radioactive.  •  K 

c     Ganma.    Nuclei  may  release  gamma  Radiation  as  a  means  of  decreasing  * 
thei7  energy  content.    Sinhe  gamma  radiation  consists  of  pure  energy,  its  • 
emission  leaves  the  nucleus  with  lesf  energy  in  the  amount  of  energy  of  the 
gamma  ray.    This  emission  of  ganma  radiation  accompanies  a  rearrangement      .  ^ 
ofmplear  particles;  it  does  not  Involve  a  change  in  the  number  or  kind  of 
nucleons.in  the  nucleus.  '  *  .'  . 

■  4 

'         d     Alpha.    The  configuration  of  the  helium  nucleus  is  extremely  stable; 
therlfor^Tit  is  reasonable ' that  radioactive  nuclei  may  eject  this  con- 
figuration.   The  off-going  alpha  particle  has  .considerable  fanetic  energy,^ 
that  is,  efiergy  due  to  motion.    The  energy  of  the  nucleus  which  emits  the 
alpha  particle. is  decreased  by  the  amount  of  kinetiq  energy  which  it  imparted 
to  the  particle.  .  " 

e  •  Beta.    It  is  not  so  easy  to  visualize;  how  a  beta  particle  can  be 
emitted  S  a  nucleus.    The  statement  that  beta  i^adiation  comes  from  the 
•nucleus  but  that  there  are  no  electrons  in  the  nucleus  appears  to  be  a 
contradiction.    The. accepted  explaha+^on  for  this  result  is  that  ij  is 
~  Txjssible  for  a  neutron  to  split  into  x  proton  and  an  electron,     -j-f  this 
^putting  occurs,  the  electroir  is  then  ejected  from, the  nucleus  wi^h  great 
s^eed;that  is,  great  kinetic  energy,  which  reduces  th?  energy  level  of  the 
-rnucleus.    This  process  is  illustrated  in  figure  2.k. 
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^  '  ■•  ■  :  z  

^Aotuallv'  there  is  a  third  particle,  the  anti-neutrino,*^ alQo  involv6d^ 
l^f  SS-neufrSo  is  a  tiny  particle  much  smaller  th^  the  electron.  The 
neutron  breaks  down  into  a  proton,  election,  ap^4  anti-neutrino.    The  latter 
.?wo  S  ejected  from  the  nucleus.-T^o  further  r^si^eyation  will  be  given  • 
to  the  ant£ineutrino  in  this  teJct. 
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Figure  2.1*.    Beta  emission.  ^ 


2. 5-    K/aURE  OF  RADIATION 


a.    General;    Ohe-natu^'  decay  of  the  radioactive  families  mentioned 
abcnre  results  in  three  types  of  nuclear  ^radiation:    alphTS/  hl^  Zf 
and  gamma  (y)     These  three  types  of  nuclear  radiation  are  2so  c2lef  ' 
ionizing  radiation  because  .of  their  ability  to  ionize  atomsl^  mSec^es 
\  of  ,  the  matter  through  vhich  thev  pass.-   (A  detailed  disqussioTof  ioSSf! 
i  f  TJ'^  3-155,  Ch  h.    Each  of  the  3  typS  ^  riiii^n 

alpha,  beta   and  gamma-^vlll  be  discussed  belov  vltl  regaJd^rimrfly  ?o 


w^A.,^^^'..  f  J'as  already  been  stated  that  alpha  radiation  has  &j 
S  f^uf^''^^''.  T""^  specifically   ^pha  radiation  consl^ 

iLi  T.  r'"f  "^^^^  particles  with  a  charg^  of  +2  on  each  particjT. 
Each  particle. is  composed  of  two  neutrons  and  two  protons  ejected  Is  ! 


a 


^For  the  purpose  of  this  text,  ionization  is  the  removaj.  of  electron's) 
from  a  neutrkl  atom,  and  ion  pairs  are  the  result  of  Ss  process^  ^ 
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single  entity  from  a  disintegrating  nucleus  and  has  a  mass  of  h  atomic 
mass  units  (amu).    This  alpha. particle  has  the  same  composition  as  the 
nucleus  of  the  helium-^t  (gHe)    atom.    The  helium-i^  atom  has  two  protons 
and  two  neutrons  in  the  nucleus  and  two  electrons  outside  the  nucleus  . 
to  balance  the  charge.    If  the  electrons  were  stripped  away,  the  resulting 
nucleus  would  be  identical  with  an  alpha  particle  except  that  an  alpha 
particle  is  normally  traveling  at  speeds  approximately  one-tenth  the 
speed  of  light,    (its  speed  is  normally  on  the  order  of  2,000  to  ?0,000 
miles  per  second, )    In  fact,  as  the  alpha  particle  slows  down  in  its 
passage  through  matter,  it  annexes  two  electrons  and  becomes  a  neutral  « 
helium-i;  atom.    The  alpha^particles  are  about  7,500  times  as  heavy  as  an 
electron  and  h  times  as  heavy  as  a  hydrogen  atom.    This  configuration  of- 
two  protons  and  two  neutrons  is  extremely  stable  as  nOclear  structures 
go;  this  helps  to  explain  why  this  structure  should  be  emitted'  from  a 
nucleus  in  preference  to  other  combinations  of  nucleons. 


(1) 


(2) 


Alpha  particles  are  characterized  by  tiheir 


■tJheir  high  ionizing 
capability.    A  mkns  of 'comparing  the  ionizing  ability  of 
different  kinds  of  ionizing  radiation  is  by-comparing  their 
energies-and  the  number  of  ion  pairs  produced  per  unit  length  . 
of  travel  as  each  passes  through  the  same  medium..  (Ionization 
and  ion  pairs  are  discussed  in  chapter  h.)    For  example,  an 
alpha  particle  with  an  energy  of  1  Mev  (million  electron  volts }^ 
will  create  about  10,000  ion  pairs  per  centimeter  of  path  as  / 
it  passes  through  air.    A  beta  particle  ( the -radiation  with 
.the  next  highest  ionizing  capability)  with  the  same  energy  , 
traveling  along  the  same  path  will  create  abotit  33  ion  P^irs^ 
per  centimeter  of  travel.    Thus,  the  ionizing  ability  of  th6 
.alpha  particle  is  about  300  times  as  great  ag  that  of  the  next 
most  highly  ionising  type  of  radiation.  '  • 

Because  of  this  high  ionizing  ability,  thaj^alpha,  particle  ; 
dissipates  its  energy'  quickly  in  any  meditan.    For  example, 
the  range  of  alpha, particles  varies  from  a  few  thousandths  of  . 
a  centimeter  in  solid  materials  such  as  photographic  film  up 
to  a  few  centimeters  in  gaseous  materials  such  as  air.    To  , 
penetrate  the  protective  layer  of  the  skin,  alpha  particles 
with  energies  of  7-5  Mev  (million  electron  volts)  or  more  would 
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3aiergies  of  radiation  are  expressed  in  unit's  of  Electron  volts.  The 
electron  volt  is  the  energy  (speed)  a  jmit  dharged  -particle  acquires 
when  it  falls  through  a  .potential  of  one  vo^^t;  it  is  equiyalenx  to 
1.6oax  10-12  ergs  (par.  1,7).,  \  .  ' 
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be  required.    Because  of  this  short  range,  the  danger  to  the 
body  from  external  alpha  emitters  is  in  most  cases  negligible. 
Alpha -emitters,  however,  may  be  extremely  injurious  if  they 
gain  admittance  to  the  body.    In  this  case,  because  of  their 
high  ionizing  ability,,  the 'alpha  particles  will  expend  their 
energy  in  a  single  group  of  cells  and  cause  a  veiy  high  degree 
Of  localized  tissye  damage  in  the  vicini1;y  of  the.  alpha  einitter. 
Under  similar .circumstances,  alpha  emitters  are  considered  to 
present  an  internal  hazard  20  times  as  great  as  beta  or  gamma 
.emitters  (table  2.1).  ,  ^^"^ 


T^ble  2.1,    Relative  Ionizing  Powfer 


Radiation 

Relative*  ionizing  power 

Alpha  particle 

10,000 

.  Beta  particJLe 

100 

Qaimna  ray 
— '  :  

^  .  1 

'              •  ^^^^ 

,  .  ,   ;         .\        -   --w.-       v'-Ajr  11x^1  vexucixy  exectrons 

^if?,?tr  a  disintegrating  nucleus.  ,  These  beta 

particles  are  also  ionizing  radiation.    The  experiment  on  the  separation 
of  radiation  indicated  that  beta  radiation  had  a  negative  electrS2 
charge.    Beta  radiation  was  shown  to  be  a  stream  of  electrons  traveling 
at  speeds  about  nine-tenths  the  speed  of  light.    (itriiiiTTs  noSa^w' 
on  the  order  of  100,000  to  l80,000  miles  per  second,  )    Sis  means^t 

•cL'rrk°V''.^\'*\^^'^^'       '^'''^  ^^"-^  unit  aM  that 

Charge  iS  -1,    yhe  negatively  charged  beta. particle  will  ionize  matter 

as  xt  i^sfees  through  it,  thus  losing  speed  (^ergy)  until  it  is  dis- 
tinguishable from  a  free  electron;  in  other  words,  it  is"  identic^  J^th 
the  electrons  .that  orbit  abou/ the  nucleus  of  atoms  except  for  Ss  Sed 
and  ori4|.    Note -that  beta  p^ticles  originate  in  the  nSleus  of  thf 


(1) 


(2) 
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Because  of  its  higher  speed  and  smaller  mass  and  charge  in 
relatiori  ^o  an,  alpha  particle,  the.beta'  particle  exerts  less 

1°""^^  f  ?f     ^^""^"^  °^  ^^"'^  °"        ^to^^  °f  *he  material 
through  which  it  passes.    Thus,  its  ionising  ability  is  less 
and  Its  range  greater.    (The  range  of  a  1-Mev  beta  particle  in 
stpidard  air  is  about  10  feet,  )        .  ^xc  ±n 

Ijhese  factors  normally  make  the 'beta  emitters  a  less  serious 
internal  hazard  than  the  alpha  emitter.    However, '  since  the 
beta  particle  can  penetrate  the  skin  and  damage  living  -cells  '  '  " 
.the  beta  emitter  can  create  an  external  hazard,  ' 
«  .  .  ..  ^ 

'  .  .         21  - 
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d.    Gamma.    Gaama  radiation  does  nof  cojisist  of  particles,  it  has 
no  electrical  charge,  and  appropfiate  experiments  have  proven  it  to 

have  no- mass.    The  reader  may  well  question  the  nature  and  existence 
of  something  that  has  neither  charge  nor  mass.    What  is  gamma  radiation? 
It  is  pure  energy  traveling  through  epace  at  the  speed  of  light.  It 
is  one  example  of  a  general  type  of  raSiatioa  called  electromagnetic 
radiation.    It  is  a  form  of  electromagnetic  radiation  differing  only  , 
"in  frequency  (energy)  and  sovirce  from  more  commonly  known  forms ^ such 
as  X-rays,  infrared,  visible  light,  ultraviolet,  andlradio  vaves.  Gamma 
radiation  is  generally  oT^higher  frequency  (energy)  than  the  fbove  iypes 
and  is  generated  by  a  stabilizing  nucleus.    The  reader  is  familiar  with 
some  other  types  of  electromagnetic  radiation;  nameOy,  radio  w^ves, 
light  waves,  and  X-rays. '  Consider  radio  waves.    The  human  senses 
cannot  detect  radio  waves j  we  cannot  see,  hear,  taste,  feel,  or  smell 
them     The  on3y  way  we  can  detect  them  and  make  them.aud^^le  is  by 
the  use  of  an  instrument  for  detecting  radio  waves;  nasaeliy,  a  radio.  ■ 
Similar  statements  are  true  about  gamma  radiation;  the  human  senses  . 
are  not  capable' of  detecting  it;  we  must  have  a  special  instrumenj  for 
detecting  it,  a  type  of  instrument  called  a  radiac  instrument  (DFllU). 
The  reader  may  wonder  why  radio  waves  do  not.  hurt  Ijim,  whereas  gamma 
rays. will  cause  injury.    The  difference  lies  in  th§  amount  of  energy 
possessed  by  these  two  different  kinds  of  electromagnetic  radiation. 
Gamma  radiation  possesses  much  more  energy  than  radio  waves  and  there- 
fore is  capable  of  damaging  living  organisms.    A  type  of^f aviation  , 
much  more  akin  to  gamma  radiation  is  X-radiation.    As  with  other  typed 
of  electromagnetic  radiation,  it  is  not  possible  to  detect  X-rays  by 
use  of  the  senses.    Also,  we  know  from  experience  that  these  rays  ^e 
-very  penetrating,  since  they  are  used  to  photograph  the  inside  of  the 
body  (whereas  light  ' is  capablTbhOy  of  making  a  photograph  of  the  o^ 
side  of  the  body).'   X-rays  have>bout  the  same  energy  as. gamma  ^g^, 
have.    The  di^nction  betwefflr^hem  is  their  origin.    Gamma  rayrSome 
from  'within  the  nucleus;  X-rays  do'  not.    Gamma  radiation  travels  in  a 

•  straight  line  and  with  the  speed  of  light  (l86,000  miles  per  second). 
Many  Scperimental  results  have  been  obtained  using  gamma  radiation  and 
■^satisfactoriily  explained'  on.  the  basis  that  gamma,  radiation  is  a 
wkve  that  transmits  ehergy  through  space.    However,  if  certain  other 
experiments  are  perfomed,  such  as  those  involving  ^Je  interaction 
between  gamma  radiation  and  atoms,  the  results  cannot  be  satisfactorily 
explained  by  considering  the  radiation  to  be  a  wave.    Rather,  the  • 
radiation  behaves  as  though  it  consisted,  of  a  strea^  of  tiny  packets 
of  energy,  each  packet  having  zero  mass  but  being-  able  to  produce 
■  effe^s^s  though  it  were  a  particle.    I^ch  of  these  little  packets  . 
of  energy  is  called  a  photon  of  radiation.    This  dual  wave-particle 
natSe  S  electromagnetic  r^iation  is  difficult  to  grasp  andbelieve,  , 
but  no  other  satisfactory  explanation  is  ava^ble        ^^e jarious 
possible  interactions  of  electromagnetic  radiat;Lons  with  matter  and- 

T  -    .   .  •      •       '     ■  •  • 
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with  electtic  and  magnetic  fields.    Thus,  gamma  rays  may  be  said  to 
act  with  this  dual  ^ave-particle  nature  and  to  produce  results  con- 
^  sistent  vith  the  theory.    The  imjxDrtance  of  the  particulate  nature  of 
gamma  radiation  (photon  nature)  will  become  clearer  in  the  discussion 
of  ionization  by  gamma  radiation.  ■  ■  " 

2.6.    WRITING  mJCLEAR  REACTION  EQUATIONS 

a.    General.  ■  Just  as  the  chemist  has  a  shorthand  vay  of  writing 
dovn  vhat  takes  place  in  chemical  reactions,  the  physicist  has  a 
shorthand  vay  of  writing  nuclear  reactions  in  the  form  of  equations, 
mils  system  makes  use  of  the  A  and  Z  number  dotation  explained  in 
chapter  1.    The  logical  development . of  the  method  of  writing  nuclear 
reaction  equations  is  illustrated  below  by  a  study  of  the  three  modes 
Of  radioactive  decay  already  discussed. 

b".    Alpha  Bnlssion.^       '  ,  /  . 


(1) 


To  see  what .  resiJ^ts  from  alpha  emission,,  consider  the  isotope 
ura^um-238  (23|[j)  .    rp^is  isoa  natural]y  occurring  nuclide 
which  is  radioactive  and  an  alpha  emitter.    Since  tira  protons 
and  two  neutrons  are  subtracted  from  the  uranium  nucleus  a 
new  substance,  an  isotope  -of  thorium,  is  formed.    This  is  * 
illxistrated  ih  figure  2.6a. 


AND  BECOMES 
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figure  2.6a.    Alpha  emission  from'tiranluffl-238.' 
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2)    The  process  illustrated  in  figure  2.6a  can  be  indicated  in 

another  way  by  using  the  A  and  Z  number  system.    To  do  this  . 
ve  musVbave  an  appropriate  symbol  for  the  alpha  particle. 
The  symbol  used  ia  |a  or  2^,    (MthoUgh  2He  is  properly 
the  symbol  for  the  vnole  helium-lf  atom,  it  is  very  often 
used  to  represent  the  alpha  particle.)    Using  this  notation, 
ve  may  write  the  equation  for  the  emission  of  an  alpha 
particle  by  a  uxanium-238  atom  as  follows : 

^??U  %•  oHe   +   ^^Th   +    q  (energy)  "         '    .  ' 

92  ■      <=— ,  ■ 

-     This  equation  says  that  an  atom  of  uranium-239  forms  an  alpha 
particle  and  an  atom  of  thorium-23l*.    One  additional  symbol 
■    which  appears  her^  is  the  letter  Q.    This  Q,  stands  ^or 
energy.    An  energy  term  is  involved  in  evety  nucleaii  re- 
action.   In  this  case,  the  energy  given  off  is  simply  the 
energy  possessed  by  the  alpha  particle  (plus  a  small  amount 
t       of  energy  for  the  recoil  of  the  nucleus).    Note  that  the  sum 
•of  all  the  A  numbers  on  the  left  side  of  the  equation  equals 
the  sum  of  all  the  A  numbers  on  the  right  side.  (238  =  4  +  23^;, 
also,  the  sum  of  the  Z  numbers  ^n..th,e  lef.iv49,  th^.  ^e..as^.thP , . 
sum  of  the.  Z  numbers  on  the  ri^t  (92  =  2  +  90).    The  student 
should  think  through  the  reason  for  this  from  what  is  taking 
place  in  the  actual  physical  reaction.    This  rule  about 
equality  of  A  'knd  Z  number  sunis  on  both  sides  of  an  equation 
■   will  be  shown  to  be  valid  in  other  nuclear  reactions,*  in 
fact,"  it  is  a  general  rule  which- may  be  used  as  a  mechanical 
aid  to  balancing  nuclear  reactions. 

1  Beta  Bnlsslon.      ' '  ■         >  , 

(1)    The  thorium  isotope  that  was  foriiied  in  the  earlier  example 
^  ^    Talpha  radioactivity  is  a  ^eta^endtter    causing  thori^^^^ 
to  change  to  the  element  protactinium.  .  This  is  illustrated. 
In  fiKurfe  2.6b.    The  mass  number  A  does  not  change  in  beta 
decay!  but  the  atcAnlc  number  Z  increases  by  1,  because  a 
protS  has  been  gained.    This  gain  com.es  about  when  a  neutron 
breaks  .down,,  .ejecting  an  electron  and  retaining  the  proton. 
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Figure  2.6b,    Beta  emission  from  thorium-234. 


S  ?We1  the  process  illustrated 

.yTZ^I:.'  ^  J-^  necessary  to  have  a  suitable  symbol  for 
rt^'^^'  ^  Pa^i^le  is  ofSn  repre- 

sented, by-the  symbols  p-.or  e";  hovever,  for  equations  ve 
must  assign  A  and  Z  numbers  to  the  beta  particle.  Clearly 
the  basic  definitions  of  A  and  Z  numbers'are  not  appnSwL 

beta  jarticle  is  given  mDre  or  less  artificial  A  and  Z 
numbers,  vhich  represent  the  effect  of  a  beta  particle  on 
a  nuclear  reaction.    Because  of  its  negative  cKrge,  the 
beta  particle,  is  given  Z  number  -1;  because  its  miss  is 
very  small  it  is  ^iven  an  ^number  of  zero.    Thus,  beta  may- 
be indicated  by  .iP  ,  or         .    The  emission  of  a  beta  " 
particle  by  a  thorium-234  nucleus  may  be  vritten  as  follows: 


234 
90 


;Th 


234 


91 


Pa   +  Q 


Note- once  again  that  the  sum  of  the  A  nymbers  on  the  left  ' 
equals  the  sum  of  the  A  numbers  on  the  right  (234  -  n  +  2?k\ 
and  the  sum  of  the  Z  numbers  o£  the  left  equals  the  -sum  of 
the  Z  numbers  on  the  right  (90  =-i  +  91), 

■4 

Gamma  Bnlssion.  /  .  '  <  , 


d) 


Previously  it  vas  said  that  an  unstable- configuration  of 
neutrons  and  protons  in  a  nucleus  is  sometimes  made  more 
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Btable  "by  a  resirrangement  of  the  particles  vithin  the  nucleus 
without  the  emission  of  a  particle.    Such  internal  rearrange- 
ments are  accompanied  by  radioactivity  in  the  form  of  pure 
energlf.    With  different  configurations  of  the  nucleus  the 
comporitenta  are  bound  with  different  energies,  and  upon 
rearrangement  energy  is  released  in  the  form  of  electromagnetic 
waves  called  ^amma  rays.    Each  time  one  atom  releases  energy  ' 
in  this  way  it  is  said  to  have  released  a' photon  of  gamma 
radiation."   The  photon  is  like  a  small  "bundle    of  energy.  . 
The  significance  of  the  photon  concept  is  discussed  more 
fully  in  ST  3-155,  Ch  If.    It  is  inportanfc  to  note  that  no  change 
in  tjie  A  and  'Z  numbers  accompanies  gamma  emission  and  the 
only  effect  upon  -the  nucleus  involved  is  to  leave  it  with 
less  energy.    An  eicample  of  gamma  emission  is  illustrated 
in  figure  2.6c. 
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Figure  2.6c.    Gamma  emission  f rom .lead-20'^. 

(2)    The  syi^hol  for  gamma  radiation  in  the  A  and  Z  number  system 
is   oy  ,  representing  the  fact  that  it  has  no  mass  and  no 
charge.    The  equation  6orresponding  to  the  reaction  illustrated 
in  figure  2.6c  is:  ' 
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Tahle  2.2  summarizes  the  properties  of  nuclear 
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Table  .2.2.    Properties  of  Nuclear  Radiation 


Type*  of 
radiation 

Symbol 

Charge 

Mass 

Character- 
istic > 

,   Effect'  of  emission  on 
parent  nucleus 

,  Atomic  no. 

(z) 

Ifess  no. 
(A) 

Alpha 
particle 

or 

+2 

h 

2  protons 
2  neutrons 
(saae  as 
nucleus  -of - 
He-^  atom) 

Decreases 
2 

Decreases 
<  • 

Beta 
parti  clfe 

-1  ' 

or 

o 

-1  ' 

\ 

1 

Hi  01 -speed 
electron 

Increases 
1 

Ho  change 
• 

Gamma 
ray 

o 

Form  of 
electro- 
magnetic 
energy 
similar 
to  X-rays  ' 

No  change 

No  change 

*Neutron 

0 

1 

Neutral 
petrticle 

No  change 

Decreases 
'  1 

« 

Positron 
«> 

or 
o 

+1-^ 

+1 

1 

High- speedy 
positively 
chaj;ged 
electron 

Decreases 
1 

No"  change 

18^5 

Two  general  rules  vhich  are  alvays  valid  in  balancing  nuclear  eq^mtiom  ire! 

(1)  The  sum  of  the  A  numbers  of  the  reactants  must  always  equal  the 
sum  of  the  A' numbers  of  the  products.    Mathematically,  this  is 
■written:    2;Aj,  =  2Ap. 

(2)  The  sum  of  the  Z  numbers  of  the. reactants  must  always  equal  the 
sum  of  the  Z  numbers  of  the  products.    MatheraaticklOy,  this  is  ' 
written:    EZ^.  =  ZZp. 


2.7.  AimFieiAIIiY  DOMJED  inxnJEflE  REACTI^ 

a     Thus  far,  the  e^ire  discussion  of  radiiaactivity  and  aacl^ 
processes  has  centered  ^out  na^tural  radioaetivity  in  the  form  ofal:^, 
b^Sfand  gaama  radiation.    However,  mn  has  learned  ,to  prqduce  nuclear 
rSti^  Sttficially,  thus  creectilig  new  radioactive  nuclides  not  found 
iT^^e  Sd  produS  other  results  that  are  of  cccsiderabla  ^rtance. 
Nonmlly,  artificial,  reactions  are  induced  by  firing  a  nuclear  Perticle  at 
a  Sget  containing  the  type  of  atoms       vhich  the  reaction  is  desired. 
The  nuclear  particles  used  as  projectiles  are  rnde  ^  f^^e  at  great 
speed  (vith  great  energy)       the  use  of  macbines  called  partlclq 
SerSors  •  The  discussion  of  how  these  machines  operate  is  beyond 
•the  scope  of  this  text.    The  particles  nost  commonly  used  as  projectiles  , 
are' the  fol3.owing: 


(1)    Alpha  particle  (pHe). 


(2).  Beta  particle 
'  (3)    Proton  (^)  ;  nucleus  of  the  hydr6gen-l  atom.     .  > 

(1^)    Neutron  (qQ). 

(5)    Deuteron  (^)  -  J  nucleus  of  the  hydrogen-2  (deuterium)  atom. 

b  A  few  typical  examples  arfe  given  below  to  indicate  the  general 
nat"ilre  of  artificially  induced  nuclear '  reactions . 


(1)    Alpharoxeutron  type: 


'     '^Be    ^    ^He   -»   ^n   ^  ^  .  Q 

(2)  AlphaV proton  type: 

(3) '  Keutron-gtona  (radiative  capttore)  type: 


It  "sliouid  be  uiid^rstood  that  in  each  of  the  reactions  showi  above/ 
Se  article  or  ray  emitted,  such  as  a  neutron, .  proton,  or  ga^na  ray, 
S^Sfted'in^LntLeously  ^hen        reaction  takes  place^.  For  ns 
ih  the  last  exa;nple  above,  the  equation  does  not  mean  *hat  1  i.8 

radioactive  and  a  gainm^  emitter;  the  ^/^^^f^Z.l  ^T^fle  In 
instant  of  the  reaction.    The  product^H    in  this  case  is  stable.  In 
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other  cases,  the  product  may  be  radioactive.  Thus,  the  'product  nuclei  ' 
niay  continue ^emitting  radiation  over  an  extended  period  of  time. 

.'^^ifi'^ially  induced  nuclear  jreactioris  have  created  other  types 
,     -     oi  radiation  that  have  not  been  previously  itfentioned 'in  this  text.  . 
iVo  of  thes&  types,  neutron  and  positron/  are  discussed  briefly  belowJ 

^     (1)    Neutron  radiation  consists  of  neutrons  ejected .from  an' excited 
,      ^  or  fissiftnmg  nucleus*.    Since  the  neutrons  are  uu. 

charged,  no  electrostatic  forces  come  into  play  with  ei,ther 
•  °f^"^^  electrons  or  the  nuclei".    Thus,  for  neutrons  to 

affect  matter  t^ey  must  enter  the  ni^cleus  or  come  sufficientiv 
.     close  to  It  for  the  nuQlear, forces- to  act.    The  reaction  of 
a  neutron  with  a  nucleus  leaves  the  nuclgus  in  an  excited 
state,  due  to  the  added  kinetic  en^i-gy  contributed  from  the 
•    n*^"  neutron.  .  This  excess  energy  is  removed  by  emission  of 

particle  radiation,  i.e.,  ejection  of  an  alpha' particle. 
«  .    More  will  be  said  about  neutron  reactions  inDF212. 

(2)    Positron  radiation. consists  of  high- velocity,  positively 

Charged  Particles  that  liave  been  ejecte^  from  a  disintegrating 
nucleus.    This  type  of -emission  is  normally  associated  with 
the  fusion  process.    Experiments  have  shown  that  the 
positron  IS  a  fundamental  particle  Uhat  is,  it  belongs  in 
the  same  class  as  the  neutron,  proton,  and  electron)  having 
,    the  same  mass  as  the  electron  (l/l8J^5  atomic  mass  units)  and  ' 
a_  charge  equal  in  magnitude  to  the  , electron  but  op^site  in 
sign  (charge  of  +l).    The  accepted  explanation  of  its  origin 
is  that  it  is  possible  for  a  proton  to  split  into  a  neutron 
and  a  positron.'*    When  this  splitting  occurs,  the  positron 
IS  ejected  from  the  nucleus  with  great  speed;  that  is' 
-.kinetic  energy.    This  reduces  the  energy  level  of '  the 

nucleus  m  the  same  manner  as  beta  emission  does.  Through- 
.  out  this  text  the  word  electron  or  beta  will  be  used  to  ■ 
denote  the  negative  electron  and  the  word  "positron"  or  "beta- 
plus"  will  be  used  for  the  positive  electron:   

2.8.    ENERGY  RELEASE  ,  *  ^'  ' 

J,.    General.    Before  proceeding  further  in  the  discussion' of  radio-  - 
iTji^'  ^^""^^  consider  the  energy  (Q)  associated  with  a  nuclear 

-      leaction.    The  energy  released  by  a  conventional  reaction  results  from 
.     rearrangement  of  the  atoms  of  the  reacta^ntg;  ^or  example,'  the  hydrogen  ■ 
-  carbon,  oxygen,  and  nitrogen  in  TNT.    Such     rearr^gement  of  atoms  ' 
within  a  substance  constitutes  a  chemical  reaction.-  'In  a  nuclear 
reaction  the  energy  is  produced  by  a  redistribution  or. a -recombination 

Actually,  as  in  the  case  of  beta  emission,  there  is  a  third,  particle 
the  neutrino,  also  involved.  •  /  . 

O  .29^  '  -  ; 
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of  the  protons  and  neutrons  of  the  atoms.    Such  a  rddistrihution  of 
nuclear  particles  constitutes  a  physical  reaction.    The  forces  between 
the  protons  and  neutrons  within  an  atomic  nucleus  are  tremendously 
greater  than  the  forces  between  atoms;  consequently,  nuclear  energy 
is  of  a  very  much  higher  magnitude  than  conventional  energy  when 
equal  masses  are  considered.    Many  nuclear  processes  are  known,  but 
not  all  are  accompanied  by  the  release  of  energy.    The  basic  require- 
ment for  energy  release  is  that  the  total  mass  of  the  interacting 
reactants  be  more  than  the. mass  of  the  resultant  products.    There  is 
a  definite  equivalence  between  mass  aiia  energy  as  discussed  in 
paragraph  1.6.    If  in  a  nuclear  reaction  there  is  an  accompanying 
release  of  energy,  that  energy  is  definitely  related  to  the  decrease 
in -mass.    Ifess  change  reflects  the  difference  in  the  forces  in  varjLous- 
nuclei.    The  energy  released  in  a  nuclear' reaction  is  derived  primarily 
fr9m  the  conversion  of  the  binding  energy  that  bound  the  nucleus 
together.  ^  - 

b  Energ/  Calculations.  Let  us  consider  the* reaction  of  beryllium-9 
being  bmbarded  by  an  alpha  particle  and  forming  carbon- 12  and  a  neutron 
and  releasing^ energy  (Q).    Writtep  symbolically  the  reaction  is: 

?Be    :    ^He    .   Jn    .      ^gC  Q 
The  total  mass  of  the  reactants  is:  ♦ 
^Be     -     9.012186  amu 

•  ii>  002603  m\x 

2'  l3rMTrB9""amu 

The  total  mass  of  the  product  is:  '  ♦  - 

.   -      I.OO&665  amu 

o 

12^      -  '  12.00.0000  amu 
. :        6  i3X08565limu 


The  mass  difference^ is ; 


13.01^789  amu 
13.008663  amu 
^  bV006l24  amu 
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From  Einstein's  equation  (par.  1.6)  it  has  been  shown  that  the  energy, 
equivalent  of  one  atomic  mass  unit  is  931.^^8  Mev  (million  electron  volts) 
Therefore,  the-  energy  (Q)  associated  with. the  above  reaction  is:  , 

0.006124  X  931.ii8^.  =    3.m384-Mev  '  '        ■  ' 

released*^^''^'^"''^'  see.that^n' thi^eaction  ^.-JOhk  Uev  of  energy  is 

2.9.    FISSION  AND  FUSION 

a.    General.    So  far,  our  discussion  of  induced  radioactivity  and 
energy  release  has  been  associated  with  reactions  of  laboratory  and 
academic  interest.    For  nuclear^ weapons,  in  addition  to  the  necessity  ' 
for-a  net  decrease  in  mass  in  a  nuclear  process,  the  release  of  nuclear 
energy  m  amounts  sufficient  to  cause  an  explosion  requires  that  the  * 
aSJi^"  should  be  able  to  reproduce  itself  once  it  has  started.  -Two 
artificially  induced  nuclear  reactions  that  satisfy  the  conditions  for 
the  production  of  great  amounts  of  e^ner^  in  a  ve.^y;  short  interval 
of  time  are  fission  and  fusion.  1  • 


b.  Fission. 


(1)    The  fission  proces^..   ,  . 

(a)    Ihe  process  of  fiksion  involves  the  splitting,  of  veiy  large 
nuclei,  such  as  those  of  uranium- 235  or  plutonium-239,  into 
much  smaller  nucl'^i.   -This  splitting  releases  a  vast  amount 
of  energy  when  Judgted  by  our  ordinary  standards  'of  com- 
parison, such  as  the  burning  of  coal  or  gasoline.'  The 
fission  does  not  take  place  spontaneously  but  must  be 
initiated  deliberately  by  directing  a  stream  of  neutrons* 
into  a  mass  of  uranium  or  plutonium,  which  is  -properly 
arranged  and  is  of  the  proper  size.  > If  an  atom  of 
fissionable  material  Captures  a  neiftron",  it  may  fission 
.into  two  smaller  pieces,.    The  fission  of  just  one-nucleus 
releases  only  a  tiny  amount  of  energy— too  little  to  be  . 
measured  by  any  known  m.eans.    However,  as  has  already  been 
stated,  even  a  very  tiny  'piece  of  material  contains  a  vast 
.    number  of  atoms,    When  the  small  energy  r'elease  Utom  one 
fis?ion  is  multiplied  by- a  great  number  of  atoins,  the  total 
energy  release  is  enormous. 

(b)    There  are  several  dozen  different,  reactions  'that  can  occur 
in  fissioning;  that  is,  not  every  «atom  which  fissions  forms 
the  same  produfet  nuclei.    A  few  examples  of  fission  .re- 
actions that  ,are  known  to  occur  are  as  follows: 

^  -    .  31 
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A  generalized  equation  can  te  vritten  to  represent  the'fission 
process,  making  use  of  the  symDol  ."FP"  to  stand  for  any  fission 
' '  .    product .    Thiff  equation  is :  -  ,  ^ 

23*5u       +  ■  +    FPp  '    +  {2-3)1^       +  Q 

92  o  ,  1 

In  this  generalized  fission  reaction  equation,  there  are  two 
or  more  neutrons  released  for  every  one  that  enters.    The  ^  . 
release' of  additional  neutrons  in  the  fission  reaction  is 
the  reason  that  fission  is  a  practical  means  ctf  releasing   -  , 
energy,  either  in  a  weapon  or  in  a  nuclear  reactor.    The  ,    ^  ' 
neutrons  released  in  the  fission  reaction  permit  the  •  _ 

development  of  the  chain  reaction  that  occurs  in  a  fission 
weapon.  ,    ,  .    f  '  ,  ' 

(2)    Chain  "rfeaction—criticality.        *  ^  *^ 

'  (^)    Because  o-f  the  fact  that  at  least  two  aeutronVare  released 
•  eve^time  a  uraiiiim  atom  is  s.plit,  "it  is  pqssihle  to  make 

a  chain  reaction  occur.    In  other  words,  the  two  or  more 
neutrons  released  may  he  made  to'  fission  two  or  more  uranium 
nuclei,  causing  each 'of  these  nuclei  to  release  two  or  more 
-      .neutrons.    These. neutrons  may  fission  more  nuclei,  producing 

.  more  neutrons,  and  so  on  until  a  great  many  nuclei  h^ve 
'      Sen  spUt.  'Since  only  a.  small  amount  of  energy^is  released 
wheri'one  atom  is  fissioned,  a  great  nUmter  of  atoms- musthe 
Sssloned  in  order  to  ol^tai^f  a  large  amount  of  .energy.  This 
is  -best  atJtained  hy  creating  a  chain  reaction.  ^  A^fission 
chain  reaction,  such  as  that  described  ahove,  is  known  as  . 
a  mStlplying  chain  reaction  and  it  occurs  e:itreme3y  rapidly 
A  ?maenSus  amount  of  energy  is  released  in  a  very  shoyt  time, 
j^.sn  explosion  resists.  »  ^  •  ^  .  . 

(b)    In  order  to  create  a  chain  reaStion,  certain  cbnditiote  must 
'    -     ie  satisfied.    If  one  of  the  atoms  in  a  piece  of  fissionahle 
^terJal  #5u  )  is  caused  to  fission  hy  homharding  it  with  a 
•  TXlt  the^tW9  or  more  n^itrons  released' hy  the  fissioning 
■  .-could  do  one 'of  three  things.    They  could— > 

Strike  other  uranium' nuclei  and  caUse  them  to  fission:  • 

Pass  between  the  uranium  atoms  and*completely  escape  from 
the  piece  of  material  withdut  causing  any  further  fission,  • 
-(Remember  that  atoms  are  largely  empty  space. )  , 
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Strike  ^nuclei  (irranium  or  impurities)  and  not  ca,use  fission; 
in  other' words,  be  captured  by  tiM  nuclei. 

)    Obviously^  for  a  chain  reaction  to  occur,  at  least  one  of  the 
neutrons  produced  per  fission  must  strike  a  uranium  nuclexis' 
^  and  cause  another  fission  to  occur.    In  order  to  make  this 
happen,  we  must  minimize  the.esfc^pe  and  nofafission  capture. 

1.  Nonfission  capture  may  be  minimized  by  using  very  pure 
fissionable  material  becavise  impurities  tend  to  capture 
■yae  neutrons "and  prevent  fission.  .  ' 

A 

2.  Escape  may  be  minimized  by  having  sufficient  fissionable 
material  available^^r  by  using  a  neutron  reflector.    To  ,  . 
visualize  this,  imagine  a  small,  spherical  piece"  of 
fissionable  material  in  which  a  fission  dccurs.    There  are  ' 
relatively  few  nuclei  a^ilable  within  the  fissionable  • 

>    material  that  the  rtvo  pmitrtDns  product  by  the  fission  ihay 
hit  before  they  escape.    Therefbre,  the  probability  of  their 
striking  other  fissionable  nuclei  is  very  slight.    If  one 
of  the  neutfons  happens  to  strike  a  nucleus  and  thereby  ^ 
causes  it  to  fission,  the  prcJbablllty  of  one  of  th^  second 
pair  of  neutrons  striking  a  riuclexis  before  escaping  is  ,veiy 
slight.    Therefore,  the  reaction  will  quickly"  die  down.  A 
reaction  of  this  type. is  called  nonsustaining.       piece' of 
fissionable  material  such  as  this  is  called  a  subcritical 
mass,J[fig.  2.9b.).    If  moije  material  is  added  aromd  the 
s'pli^e,  the  neutrons  have  .more  nuclei  which  they  may  hit 
before  they  escape  ^and  tli^  probability  of  their  striking 
nuclei  is  mucli  greater.^  If  enough.  fissionablS^  material  16 
'present  so  that  at  least^ene  neutrqn  fl^om  every  fission 
•  strikes  another  nucleus  and  causes  it  to  fission,  the 
reaction  will  continue  in  ^  'steady  manner  and  is  called 
a  sustaining  chain  reaction  (figure  2,9b),    A, piece  of  ' 
^  fissionable  material  in  (which  ^  steady  reaction  occi;rs 
is  called  a  .critical  mass.  Tlnergy  is  released  in  a  steady 
'controllable  manner,  such  as  in  a  nuclear  reactor  used  for 
prpducing  .power.    If  still  more  material  is  added  to  the 
•    sphere,  more  than  orfe  neutron  per  fission  may  strike  a  '  * 
nucleus  'to  cause  further  fission.    When  this  occurs,  the 
^phain,  reaction  will  increase  very  rapidly  and  is  called 
'  a  Multiplying  chkin  reaction  (figure  2.9c).    In  this,  case, 
we  have  what  is  kiiovn  as  a-supercritical  mass.  '  The  energy 
is  released  very  gMckly  and  cannot  be  controlled. ' 

(.3)  'JFlssion-'type  nuclear  weapons.  ; 

^  (^§)   From  the  previous  discussion,  it  is  apparent  that  a 
supercritical  mass  is  necessary  to  cause  a  nuclear 
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/  Figure  2.9a.    Nonsustaining  chain  reaction  in  a  subcritical  mass. 

detonation. ^   However,  it  is  unsafe  to  assemble  a  super- 
critical mass  of  fissionable  material  until  the  moment  . 
the  explosion  is  desired  because  there  .are  alvays  s^ray 
neutrons  that  could  start  a  chain  reaction.    T6  overcome 

•  this  difficulty,  the  fissionable  material  may  be  kept  in 

'  two- separate  subcritical  masses  within  the  weapon.  When, 
desired,  these  two  pieces  can  be  brought  together  to  form 
a  supercritical  jmass,  which  then  detonates.  Weapons 
employing  this  principle  are  know^as  "gun-type"  weapons 
because  one  subcritical  mass  is  actually  shot  through  a* 

•  gun  tube  into  the  other  subcritical -mass^  when  the 
explosion  is. desired  (figure  2.9d).  ,  ' 

(b)    The^'e  is  another  method  bf  making' a  subcritical  m!ass  *, 
become  supercritical.    If,  instead  of  adding^more  material- 
to  a  subcritical  mass,  w^  compre^  the  subcritical  mass 
so  that  the ^oms  are  closer  together,. we  obl^ain  much  the 
same  effect.    If  ^the  atoms  are  closer  together,  th^ 
probability  that*a  neutron  will  strike  one  and  cause  fission 
is  groatiy  increased  because-  there  is  less  room  to  get 
between. the  ajboms.    This  principle  is  also  employed' In 

43  •    ■  ■  . 


Escape 


[nj  ^{nj 
X       '  /  Sarfice 


INlTi 
FISSION 


i-vA.  >0s  •   I  FISSIQH 


'335  A  ^IFTH 
uj  nSSIOK 


I 


THIRD 
FISSION 


—  —  — 


Escape 

*V  FOURTH 
uy  FiSSIOK 

Escape 


Figure  2.^b/   Sustaining  chaiai  reaction  in  a  critlcap  mass. 

nuclear  weapons.    A  subcritical  mas&  is  surrounded  by  a 
.         charge  orhigh /xplo^ive.    When  the  explosive  i^  detonated^ 
'    '  >  the  pressure  created^ compresses  the  fissionable. material^ 
making  it  supercritical  ana^,  consequently/ making  it 
.  ^  explode.    Weapons  employing  this  pr4.nciple  are  known  as 

"ifnplosion'^weapQnsJ^figure  2,9^e)  because  the  high  explosive 
-  is  '.arr4nged  sO  ^that  it,  implodes  Or  exerts  the  major  portion 
of  its  explosive  force  inward. 


?McSlear  reactors.    A  peacetime  application  of  nuclear  fission 
^  13  the  nucleajcul^^eeetoif;  ^A  sii^'talning  chain  risaction  is  made 
to^  occur  in  a  critical  nSs^  of  fissionai)?.e  material.  Water 
6r  some  QtjPier  fluid  is  circulated  ^^thin  the.  reactor  where  it 
is  heated  by  the'eAergy,  'released.  *  The  steanj  prqd.uced  can  be 
used  to  run  a  twlJine^  which  In  t^rn-can  run, an  electrical 
generator  to  supply  useful  pow^r. The  Aymy  now  has  a  nuclear 
reactor — the  Army  package  power  reactor— the  componer^ts  of 
whicK  are  air-.transportablej'  The  realtor  c^n  te  assembled  , 
at  an  advanoed^-base  ^an^  VilX  produce  elec.tirical'  power  for 
appr6:)Cim^teiy  I.5  years 'without  refueling: 

'  '  ^         '  '    ;      ^*  •  ^  ^ 
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Figure  2.9c-    Multiplying  chain  reaction 'in  a;  supercritical  mass,  , 
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Figure  2.9d.'  Gun-type  nuclea^  veapon. 


Figure  2.9e.    Implosion-type  nuclear  vfeapon. 

^*     *             c.    Pus  ion.     "  •  '  *  ^ 

"*    ^  # 

(l)    Although  it  seems  peculiar,  a  pro'cess  that  is  the  exact 
opposite  of  fission  is  also  capable  of  releasing  great 
quantities  of  energj^.    IJiis  process  is  only  possible  at  * ' 
s         .     the  lower  end  of  the  scale  of  elements  and  involves  uniting 
,    tvo  small  atoms  iato  one  larger  atom.    This  process  is 
called  fusion*    Specifically,  an  atom  of  one  isotope  of 
'    ^     hydrogen  uhites^vith  an  atom  of  the  same  or  a  different  - 
isotope  of  hydrogem  to  form  an  isotope  of  helioim.  In 
addition  to  the  generalized  fiision  reaction,  normally  written 

2„   ^    2„     .    3„.         1^  ^ 


there  are  several  other,  possible  reactions  vhich  may  occur. 
They  are:          .  ^  " 


+'   ?H        |He    +    2jn    +    Q  V 


Although  neutrons  may  be  produced  in  the  reaction,  th^  are 
not  necessary  to  initiate  it,  as  in  the  case  of  fission;^ 
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therefore,  chain  reactions  are  of  no  concern  here.  The 
conditions ^necessary  to  initiate  the  reactions  are  tremendous 
heat  and  pressure. 

(2)  It  has  been  known  for. about  20  years  that  this  reaction  was 
theoretically  possible  and  that,  if  it  covild  l?e  brou^t  about 
a  weapon  could  be  raa<Je  with  destructive  power  far  beyond  thai: 
of  ordinary  atomic  or  fission  bomb.  It  was  also  known  / 
that  the  only  way  to  make  the  reaction  occur  was  to  s.ubject 
a  mass  of  hydrogen  to  temperatures  in  .the  order  of  hiandreds 
of  thousands  of  degrees  and  to  pressures  in  the  order" of  tens 

,  of  thousands  of  pounds-  per  square  inch.    The  only  way  known_ 
to  achieve  such  temperatures  and  pressures  is  by 'means  of 
a  fission  explosion.    Therefore,  in  fusion  weapon^  the  fusion 
reaction  is  set-off  by  the  heat  and  pressure  from 'a  fissibn 
detonation.    In  other  words,  the  hydrogen  bomb  is  a  two- 
stag^  weapon;  first,  fjfssion  occurs,  then  fusion. 

(3)  Each  individual  atom  in  a  fission  reaction  releases  more  , 
energy  than  an  individual  atom  in' a ^fusion  reaction.  How- 
ever, a  pound  of  hydrogen  will  release  as  much  as  four  times  ' 
more  energy  than  a  pound  of  uranivun  because  of  the  large 
number  o^f  atoms  contained  in  a  pound  of  hydrogen. 

{k)    The  fusion  reaction  has  se,veral  other  advantages.    The  fuel  < 
required  is  relatively  ch^ap,  and  the  supply  is  unlimited. 
Also,  the  products  of  the  fusion  reaction  are  nonradioactive. 
The  radioactivity  that  resxalts  from  the  detonation  of  a  fusion 
weapon. comes  from  the* fission  products  of  the  fission  component 
•  used  to  initiate  the  fusion  reaction  and  also  from  neutron- 

'       indfuced  activity.    By  reducing  the  ^ize  of  the  fission  com- 
ponent as-  much  as  possible,*  the  residWl  radioactivity  cein  be 
reduced,  thus  producing  k  "cleaner"  bomb. 

(5)    Rese^ch-is  now  being  conducted  to  make  affusion  reaction 

occur  without  a  fission /initiator  so  that'the  reaction  ceui  ^  ^ 
'be  harnessed  to  produce /power .for  peacetime  purposes.  A 
reactpr  of  this  type  Voild  have  several  advantages  over  the 
'  fission  reactors  novf  in/  existence.    The  fuel  would  be  ^cheap  . 
and  plentiful,  and  ther^e  w'ould^-be -no  radioactive  waste.      ,  / 
products. 


47 


ERIC 


3& 


RAD lOACTIYITY 


O 

o 


\ 


!  " 


48 


'ERIC 


t  ^ 

DB040,  RADIOACTIVITY  ,  • 

Reference:    ST  3-155;  Chapter  2,  paragrapli  2.1-2.7,  Chapter  3,  paragraph 
3.^.7. 

Lesson' Objectives  emd  Notes: 

A.  Basic  concept^  ofi  radioactivity. 

B.  Concept  of  decay  and  half-life.    "  , 

0.     Mathematdcal  method  of  solution  dt  single  isotope  decay  problems. 
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Examples  of  Induced  Reactions 


1. 

13  ' 

+ 

°-                                 .  ' 

^  A  1 

13 

-> 

0^0.    28  .  Q 

2. 

+ 

3. 

11 

+ 

.  In        ^He   +           +    Q  , 

f 

+ 

5- 

•^n  -*  FPt    +    FP,   +    2-3(J;n)  + 

0           t,      1                c  o 

III.    Handouts:  None, 
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ly.     Pix>blemB. /. 

A.     ClAss  Example  Problems  -  RadioactiTc  Dec«7. 

SYMBOLS: 

^  '  »^ 

Rq       =   Dose  rate  at  the  beginning  or  tlae  period  under 
consideration, 

R         =   DoBe  .rate  at  the  end  of  tiae  period  under  considexatioa. 
t         =    The  time  of  the  dose  rate  reading  R. 

\/2     " ^        half-life' (time)  of  the  radionuclide  under  consideration. 


n 


=   l?uinber  of  half-lives  (n   =  5 


EQUATION:    2"    =  -2 
R 


Safe  siding  features  .of  2^^  table.    IX  the  values- are  exactly  the  same 
as  those  in  the  table,  use  them;  if -they  are  not  exact,  there  i,s  no 
interpolation.    When  solving  for  — 

t      Y    enter  the  2   table  with  the  first  value  mathematically 
above  the  -^R^/R  value.  ~  ~  T 

\/2  "    enter  the  2"  table  with  the  first  vali^fe  mathematically 
below  the  R  /R  value.  *  v 

R       -    enter ^the'n  table  with  the  first  value  mathematically 
below  the  t/t^y^  value.    .  — .  =>u 

'        ^"^^^        "  taX)le  with  the  first  value  mathematically 
above  the  t/t.  ,^  value. 

f  L/d  ^ 

1.     A  certain  radioactive  isotope  which  you  are  to  use  for  calibrating 
your  instruments  has  a  half-lif^  of  4  years.   When  you  received 
a  stai^dard  sample  5  years  ago  it  gave  a  reading  of  -20  mrad/hr  on 
your  meter  at  a  distance  i^f  1  meter.    What  reading  on  your  instru- 
ment should  you  find  today  at  the  same  distance? 
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2.     Magnesium-27  decays  by  bSta  and  ganma  emission  to  form  stable 

aluminum-^?.    Thte  half-life  of  Xh±s  process- is  .10  minutes. 
L        If  .a  gammd  dose  r^tte  of  hO  ra-d/tx  is  obtained,  from  a  sample 

'     of  pure  ^."^Mg,  how  long  after  the  initial  reading  wo\ild  it  be 
before  the  dose  rate  has  dropped  to  6  rad/hr?  , 


R  = 


^1/2 


3. 


t    =  • 

An  isotope  whose  half-life  is  unlmowA- was  dtfelivered  <^the 
U  S    Army  Ordnance  Center  and  Scjio&l.    The  dose  rate  reading 
t^en  upon  the  arrival  df  the  isotope'  w^^  30  rad/hr.    A  second 
reading  was  taken  6  hours  later  and  was  found  to  be  1»  rad/hr. 
What  is  the  hal'f-life  of  the  isotope?  ^ 


R 


1/2 


B.^   Home  Study  Problems  -  Radioactive  Decay  and  Half -life. 

1       When  you  receive  a  sample  of  a  single  radioactive  nuclide  which 
is  known  to  decay  into  a  stable  nuclide  yoi^  find  the  dose  rate  / 
is  60  mrad/hr  at  a  distance  of  1  ipeter/froi^  the  sample.  This 
nuclide  is  knov^  to  have  a  half-life  of  3  days.    When  will  the 
dose  rate  be  reduced. to  20  mrad/hr  at  the  s^e  distance? 
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tJ!f^^\f v,^?'^?^*^  f ^^^^"2^  °"        decay. Of  a  single  nuclide 
sampU  which  is  known  to  decay  into  a  statile  nuclide  are  recorded 

■  ■  '       ^  ■■; 

'li2£                 Dose  Rate  (mrad/hr)-  • ' 
~  .  (  ^  ,f 

0  hour  7^  610  .    •  '  ^  ' 

6  hours  100 

What  is  th^  half-life  o£  this  nuclide? 


f 


4 


r. 


Given  a  single  radioactive  nuclide  jrtiich  gives  a  dose  rate  of  « 
2,800  mrad/hr.    The  half-life  of  t^is  nuclide  is.  reported  in  the  • 
manuals  as  3-8  days.    When  will  the  dose  rate  fall" to  500  mrad/hr? 


ffr"  ^/^"^^  radioactive  isotope  which  gives  a  dose  rate  of 
5*^0  mrad/hr.    The  half-life  of  this  isotope  is  reported  in  the 
manuals  as  i|. 8  days.    What  will  be  the  reading  after  36  days 
have  elapsed?  /  ,  j  «ori> 


A  certain  radioactive  isotope  has  a  half-life  of  6^4-  minutes*  If 
th6  dose  rate  reading  of  the  isotope  5  l/2  hours  after  its  arrival 
vas  120  mrad/hr,  what  vas  the  dose  rate  of  the  isotope  when  it 
arri'V'ed?  '       .  ^ 


A  series  of  dose  rate  readings  taken  on  the  decay  of  a  single 
nuclide  are  recorded  as  follows  after  you  receive  it: 


Time 


'2  Hours 
3  Hours \ 


\   ,  Dose  Rate  (mi>ad/hr) 

150  ^ 


'  130 

a.  ~    What  is  the  half -life  of  this  nuclide? 


h'    What  was  the  dose  rate  when  you  received  this  sample? 


!.     When  will  the  do^e  rdte  .  be  redticed/to  25  mrad/hr? 


,  For  use  in  calibrating  your  .radiac  instruments  you  have  been  'given 
a  sample  of  cobaltC^^Co).  This  nuclide  decays  by  a  process  of  beta  ■ 
and  gamma. emissions  into  stable  nickel  (^°Ni),    The  half-life  of 

•this  material  is  known  to  be.  5-3  years/   When  your  sample  was  prepared 
3  years  ago    it  was  found  to  give  a  dose  rate  of  32oTrad/br  T 
distance  of  130  cm.  '     -  ,  ii'raa/ nr  ai  a 

a.      What  should  be  the  dose. rate  at  the  same  distance  today? 


^"^.^'"^        aose  -rate  to  be  IC^D  mrad/hr  at  a  distaiice 

01  xju  cmr 


cesium  (  ^^Cs)  is  radioactive  and  gives  up  a  beta  particle  and  gamma 

radiation  to  become  a  stable  nuclide  of  barium  (^^|b?i).    The  half- 

life  of  this  cesium  nuclide  is  3Q  years.    Assume  when  you  received  a 

'^'rr  ^°  "  g^^-  ^  ^ose  rate  o?'  , 

120  rad/hr.    What  should  the  dose  rate  be  today?  '  * 


After  an  underwater  burst  i'n  salt  water  some  of;  the  statble  soditun 

.(^Na)  is  conveirbed  into  a  radioactive  nuclide  of  i^odixia  (^Na).  . 

This  radioactive  sodium  decays  by' beta  and  gatnna  emissions^  into 

stable  magnesium  (^Mg).    An  initial  reading  taken  on  a  saaiiple 

of  the  radioactive*  sodium  gave  a  dose  ,rate  of  2kO  rad/hr.  A  second 
reading  taken  6  hours  later,  gave  a  doeryx^ite  of  180  rad/hr.  , 

a*     What  is  the  half-life  of  the  sodium  san^ie?    .     •  , 

-4 


b.     When  will  the  dose  rate  be  150  rad/hr? 

(NOTE: .  All  dose  rate  readings  calculated  at  ^  distance  of 
one  meter  from  the'  sample.)  '      *  ^        '  • 


Solution  to  Problems. 
A.   ^  Solution  to  Class  Problems- 
.     Problem  1 


a.    Given:    R_    =  20.mrad/hr 


^1  /r.   =    ^  years 


t    ='    5- years 
R   =  .? 
Using  the  two  equations 


^    Sinde  both  t  and  t^^^  are  known,  'solve  - 
'  .        n   =   -1-    '  first.' 

■  %  =  • 

■■■      irlfS/  "^^^  <=°rr^sPonding  value  for  5^" 

*        •  R  *  • 

d,.   Solve  the  2"  «=   _°    • equation, 

2,300  =  S2  ' ,     •  . 

'     R     •  20^  «  *  -  / 

*R  =  :  ^.1  mrad/hr  —     "        F-^.  / 


Problem  2. 


Given  j 

^0 

R  = 

•  t  '  = 

Solve 

2"    =  ■ 

=    10  minutes  ■  '     .      .  ' 

>  •     2"  =  -Jil  =  6.67 
c.  'Enter  2"  table,  safe  side  by  selecting  the  larger  value 

find  n   =    2.8.  '  .  - 

.  t  ■  '      ■  - 


d*    Solve     n   =  ^ 


2.8  = 


10  minutes 
t  *  =    28  minutes 


Problem  3.*  *  ^   '  *  .    •         ''  '^ 

a.  ^  Given:  =    39  rad/hr'  .  .  , 

-,R  =    18  r^/hr       .  ; .  * 

•  •.      "  't  =    6  hours  •  ,  • 


"^1/2 


4         "  *  i 


n  o 
b.  'Solve  2  ^ 


2" 


60  • 

54 


c.    Ent^r  2    table,  safe  side  by  selecting ' 
n  .=  0.7 


d.    S61ve  n 


0.7 


^1/2 
6 


6  ^ 
\l2    "    oTj     ^    8,57  hours 

Solution  to '-Home  Study  Problems. 


Problem  1. 


Given:  =    6o  mrad/hr 

R   =    20  mrad/hr 


•  ^t 


1/P 


^3  days 


\  ■ 


b*'  Using  the  two  equations 


^  %  R 

2         -2  ■■ 
R  ' 


V2 


since  both  R  and  R^  are  known,  ^olvie 
:  2"    =    ^  first. 


R     "  20 


e.    Enter  the  2^  Table  four^din  Appendix  tt     tJ^  fhJ  o^^  " 

^andV^^-^  TlTo  V'    T'V^^'^^  ''^'  ft;i!.|n^n".830 
^■oov  «f  ;„  ^^^^  *°  determine.  4ich  value  to  ube 

look  at  the  guide, for.  safe  siding  at  the  bp  of  the  chart.  ^ 

fi?    .  ^I^^  l^'-g^^  val^e  of  2"  should  b;  - 

.     selected.    The  value  for  n  corresponding  to  2"  =  3.03  is  n  =  1.6. 


'  55'- 

'61 


4  • 


d.    Solve  the  n  =  t —  equation. 


^1/2 


6 b 


t 


3(U6) 
1^.8  days 


Problem  2, 


ERIC 


a.  Given:  ,  R  =  6lO  mrad/hr 
R  =  100  mrad/hr 
t  6  hours  • 


1/2 


b.    Solve  2^    =    ^  first. 


n    =    610    ^  -6^1  f 


100 


c.  '  Enter  2"  table,-  safe  side  by  selecting  tjie  smaller  valye  • 
find  n   =    2.6  , 


d.    Solve  n  = 


2.6  =' 


%/2 


Problem  3, 

a.    Given:  =  2800  mrad/hr 

R  =  500  mrad/hr 

t  =  ?  . 


b.    Solve  2"    =  -  ^   =  2800 


R  500- 


2^   =  5.6 

c.    Enter  2   .table,  safe  side  by  selecting 


d.    Solve  n   =  ~ 

t'  =  2.5  (3.8)   =   9.5  ^ys 
Prpblem  h,  '  .   '       '  > 

a.    Given:    R'^'  =.  5I1O  mrad/hr 

R  =    ■?         '  " 

t  =    36  days 


t-j^^g'  ~    ^'^  days' 


..b.    Solve  n    =   r-^     for  n. 


"\/2 
■  36^ 


n  = 


c.    Enter  •.2"  table  and  find  2".   ^  181.' 
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R 

d.    Solve  2^  - 


R   =  2.98^mr'ad/hr 


Problem 

a.    Given:  = 

R  =    120  mrad/hr 

4  t>        5  1/2  hours  (3S0  minutes) 

t  ,    .  =    6^4-  minutes 
1/2 

t_ '  . 

■1/2  ' 


I 


b.  /  Solve  n  = 


n    =  =  5.16 


c.    Enter  2^  table.  ^  Find,  2^^    =    36.7.  ' 


R 

n  o 
d.    Solve  2     =  — 
R 


=    2''r    =    36.7(120)  ' 
o  / 

R     =    kkOO  mrad/hr 
o 

or     l4>.^  rad/hr 


Profelem  6a. 


a.    Given:    R     =    150  mraa/hr 
R     =    130  mrad/hr 


t  =  1  hour 
h/2 


0 
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b.;-  SQlve  2"   =    -2  i50 
R     7  130 


2"   =  1.15 


c.  Enter  2"  table.    Find  n   =  0^. 

d.  Solve  n  =• 

V2   =    n  =^-0:2 
"^2.72    "    1  hours 

Problem  6b. .    '      '  ,  '\ 

* 

a.    Given:    R  ,  =  ? 

o  ' 

^  '  R     =    150  mrad/hr 

t     =  2\6ours 
"^1/2   "    5  fiours  (from  part^ 


b.  Solve  n   =   -i-      J  £ 

c.  ^ Enter       table.,.  Find  2"   =  «  1-.32. 

Solve  RT  .=    ~  t 

>     '  1        '  ^    >    *  . 

'  \  '  '  '  '  '  ' 

•  \    ^°  •  7         ^^^^^        198 'mrad/hr 


65; 
59. 


Pi'oblem  6c.  ^ 
;    a.    Given:  =    198  mrad/hr 

R     =s  -25  mrad/hr 


-  9 


•  '  ;    5  hours 

b.    Solve  2     =  =  -g^ 

2''    =  7.92 


N    Enter  2^  table/    Find  n  = 


d.  '  Solve    n    =  t — 

'     ^1/2  . 

/ 

t  ^  =  'nt-j^^^^  =  3(5) 
/t    =    13  hours  , 


Problem  7a « 
.    '  Given: 


=i    320  mreid/vx 


R     =  ? 


o'-        t^^2.  =  -5-3  ^^^^ 

•   ■  t         --'3  . 

b.    Solve  rf  =  =  , 

n    =  0'.566^ 

'  -  V 

c!  Entet  2"  -table.    Find  2^ 

■ ;  66 

■  60 


d.    Solve  R   =  -2 


R    =  -320 


j;;^   =    226  mrad/hr 


Problem  7b. 

a.    Given:    R^    =    320  mrad/hr 
,    R     =    100  mrad/hr 


t  =  ? 
t 


1/2    ~  years 


b.    Solve  2"   =    -°     -  320 
R  100 


2"   =  3/2 
c.    Enter  2"  table.',.  Find  n   =  1.7. 


d.    Solve  n   ?=  -L. 


*   =    ^.01  years  ' 

Problem  8,     >  ^  -  - 

a.    Given:  =    120  rad/lnf-*  . 

R.    =.,  ?  ' 
.  ^    ."^  -^3  years 

1    *l/2   ~-  30  years'^ 
b.    Solve  n*  «  -i- 

"  =  ,1o  0.434 
-  67 


c.    Eiiter       table.,    ^Find  2^    =-  1.32. 


d.    ^olVe  'R 


0  *     *  ♦ 


n 


.0 


'  R   =  =  "  90.9  rad/hr 

Problem  9a. 

a.  Given:    R^  =    2hO'  xM/hr 

R  =  '  l80  rad/hr 

' t  =  .  6. hours  '  * 

,V2-  ■ 

R  .  • 
n         o        *  '  t 

b.  Solve  2  = 

fl  • 

c.  -Unter  2"  table.    Find  n   =  0.1^. 


Solve  n  = 


_t 


.t 


1/2 

t    _    6  hours 
1/2    "    n   ~  OA 


'Probler49b 


1 


a.    Given:-    R   ^'"^    2^+0  rad/hr " 
R   =    15P"  rad/hr;  t 
t   =    ?  -• 
•V2-=    ^5  hours  '. 

'68 


•  •         ^^^^  =  150 


2^         1,6.  . 
c.    Enter  2°  table^'   Find  n   =  0.7. 


d.    Solve  ri   =  -  r~- 


ERIC 


t  '  ='  0.7  (15)   =^10; 5  hoiATs 


.6'9  . 
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DF020,  RADIATION  UNITS      .  ^ 
Discussion  ancj  References.       '  '       •  -  ^ 

IfoTE:    The  definitions  and 'concept^*  given  below  are  taken  from  the 
recomfaehdations  adopted  by  the  National  Bureau  of  Standards 
as  ot  1959.    Reference:     "Report  of  the  Internatipnal  Commission 
,£>n  Radiological  Units  and -Measurements  (ICRU),  1959,"  Handbook  78, 
U.  S.  Department  of  Carimerce,  National  Bureau  of  Standards. 

A.      Exposure  Dose.  '  '  ,^ 

^        1'.    Exposure  dose  of  X  or  Oamma  radiation  at  a  certain  place  is  a 
?neasur^  of  the  Vadiation  that  is  oased  upon  its  ability  to 
•produce  ionization. 

2.      The  unit  of  exposure  dose  of  X  or  gamma  radiation  is  the  ROENTGEN 
(r).    One  roentgen-  is  an  exposure  of  X  or  gamma  radiation  such 
that  associated  corpuscular  emission  per^ 0.001293  gram  of  air 
produces,  in  air,  ions  carrying  1  elexitrostatic  unit  of  electricity 
of  either  si^n. 

'  1  esu 

ir^,=  — r —     of  air  at  standard  temperature  and  vi^ess\xre. 

3'^     A  subsidiary  unit  is:  .  1^ milliro^ntgen  (mr)    =  — —  r. 

1000- 

^.      The  rpenl^gen  is  also  equivalent  %p  the  following:  ^ 


a, 
c. 


^7  (approx)  er.^s  of  energy  absorbed  per  granf>  of  air. 

98  (approx  average)  ergc  of  energy  absorbed  per  gram  of 
sott  tissue* 


Abcorbod  Dose.  ^  ^* 

1.  ;    Absorbed  dosp^of  any  ionizing  radiation  Xs  the  energy  imparted 

to  mat1^e^  by  ionizing  particles  per  uhi .  mass  of  irradiated    -  • 
material  at  the  place  of  interest.       -  ^     ^  '^  - 

2.  The  unit  of  Absorbed  dose  is  the  RAD.    One  rad  is  the  absorption 
of  100  ergs  o'f  energy  per  gram  of  absorber.    (lOO  ergs/gm  )  *  ^ 

%" ' 

3.  The  rad  is  a  measure  of  absorbed 'dose 'from  any  kind  of  radiation 
y    in  any  medium  in"  terms  of  fundamental  energy  unitls.-     -  ' 

a.  The  r^d  puts 'all  energy  absorption  <5h  the  same  level.  " 

b.  The  'enerp-y  absorbed  by  matter  due  to^'x-or  gamma  shows' ap  * 
primarily  as  the  electrons  ejected.- from  atoms' by  incident 
radia^ion  upon  a  piece  of  matter,  an^  these  eleptron^  cause*, 
essentially  all  of  'the  ionizations  noted  "in  energy,  absorption. 


.-cC'^    Roentgen  considers  only  X  ai}d  gamma^  while 'the  rad  considers 

all  "types  6f  radiatiorr.   »  , 

k.'  '^t'ShouldVe  observed  that  the  va,l>aes^o?  so-called  , roentgen 

ecmiicaleiicy""  ^ven.in  para  Aka.  and  b  above  aVe  actually  statements- 

of  -the  absorbed  dose  in  two  media  resulting  from  psi  exposure  dose  ;^        —  ^ 

of-ione  roentgen.  *         ^  :'  ...  '  ;  •  ^ 


Medium 

Exjiosure  D6se 
(ionization  in  air)-, 

-^Absorbed  Dose , 
^•^  energy  absorbed 
'    in  medium)     ,  ^ 

Ratio 
.rad  ' 

-   .  r 

0  r  f 
.  ** 

;  Air 

Ir 

,^0.87  rad    ^  ■ 

"  0.87  ' 

* ' 

Soft  Tissue 

•  Ir 

0.98  rad  . 

^he  ratio  of  rad  afe^;pbed  per  roentgen  of  e^xposure  has  been  given 

.    .  '    - '  radr"    *  ♦ 
th^  symbol  f  (no  special  name).    That  is,  f   =    —p       rrom  a       ^  .  . 
knowledge  of  "f"  and  exposure .dose  in, roentgen,  the  absbrbei-dose 
can  be  calculated.    Some  -values  of  Vf for  partidular  tissues  are  ^ 
•  presented  in  HandbooJt '73.    Howeyer,  at. -the  present  time,  this  in- 
^  formation  is  not<directly  Applicable -tp  military  problems  because  ^ 
•it  deals'only  with  specific  tissues.         •         *  -  ^ 

5.      The  distinction  •b,etween  /-lexposure^ck^se';  and  /'absorbed  dose"  ^should 
be  ma^e  clear.      ■  ,  '  •         •  -  • 

*  *  a/     Expojsure-  dose  is  that  radiation  which  is  available  to  be  ^ 

absorbed*  ^  .  -  ^ 

b..    *■  Absorbed  dose"  is  that  radiation  which  is  actually  absorbed 
in  the  body.  •  '        '      •  •  -     ,  ,  " 

6^     Another  unit.'of  absorbed  dose  i§»  the  REP  (roentgen  equivalent  ^ 
physical),,.    It  raaj^- be  defin^ed  in  either  of  two  ways: 

a.  One  rep  is  that  quantity"  of*  any  .ionizing  radiation  which 

»  .  results  'in  the  absorption^  .of  the  same  amount  of  energy  in 

soft  tissue  as.  that  tee  suiting,  from  exposure  to  one^  roentgen  , 

'  *  lof  X  or  gamma,  radiation.  '  ^       '     *  .  . 

^      -  •  *  \  ^  ^ ,    .   ^  *  ' 

b.  '.  Qne  -rep' is  that  quantity  of  any  ionizing.- radiation  which  results 
,  in  .the"  absorption  of  93  ergs/gram  of  soft  tissue. 

7*     The  rep  was  tHe  f^rst  unit  of  absorbed, dose  defined.  .  Because  it 

•  is  not  precise  and  is  limited  to  one  "kind  of  absorbing,  material, 

-  ■   it  is  beinfr  supplanted  by  the  rad.    However,  .it  Temains*ip  a  good 
'     many  specifications  of  permissible  doses.    Also,  6ther  values  tljan 
93 "ergs/gram  may  be  found  in  older  jiefinitions  of  the  rep. 
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Another  unit  of  absorbed  doge  is  the  REM  (roentgen  equivalent*  ' 
man).  .One  rem  is  ^n  absgrbed.dose  of  any  ioniziing  radiation ,vhieh 
will  produce  the  same  biological  ^eff^ct  in  man. '.as  the  absorbed. 
dose  -from  exposurf  to  one  roentgen       X  or 'gamma  radiation.  ^' 

'  The  rem  is  a  rather  loosely  defin/d  term  but  it  has  the  important ' 
merit  that  it  places  all  kinds  of  radiation  on' an  equal  Jevel. 
'That  is/  1_  reru  of  gamma   +'  1  rem  of  alpha  equals  2  rem  , of  ab- 
^  r  sorbed^ .radiation.        '  '         .  ' 

A  rad  of  one  kind  of  radiati,6n  doqs'not  necessarily  produce  "the  ■ 
sflne  biological  effect  as  a  rad  of  "another  kind.    The  difference 

»    in  biological  effectiveness  is  given  an  terms  of  the  RBE  (relative. 

i  •  biological  ^effectiveness).  .  •        ^  * 

^    .    .  "The  statement  tha^  'the  RBE^of  a  radi at iop,  relative  to  r  • 

radiation  is  16'  signifies  that  m  rad  of  a  radiation  produces 
a  particular  biological 'response^in  the' same  degVee  a^^'io'm 
rad  of  y  radiation."-    ,      ...    ,        -  .  ^  "7 

In  other  words,  *  ^  •  ^   -  • 


rem    =  rad 


RBE% 


1  '  i  K  * 

11.   ■  Some  c6mm6nly  accepted  valu'es  of  RBE' are  given^ below. ' 


12 


Type  of  Radiation 

im 

X  dr  r  rays 

i 

. Beta  particles. 

^  1 

Fast  neutrons 

10 

Slow  (thermal)  neuti*pns 

-  ^5  ' 

Alpha  particles  ' 

10-20 

Example  of  ad^ng  doses  in  tem. 

Absorbed  Dose 
Type  of  Radiation  ^       .  r9.d\ 


Gamma  ♦ 
Thermal  neutrons 
Fast  neu,trons 


0.5 
.  0.2 


•  X 
X 


RBE 

.  1 
.  5 
10 


,  Absorbed 
rem- 


D6^e 


O.k 
2/5. 
2.0 


Total  absorbed 'dose 


Dose  Rate. 


1^  -  slSosure  dose  i*ate  'is  the  exposure  dos^  per  unit  time, 

2\      The  unit  of  exposure  dose  rate  is  thfe  roentgen  pea?  unit  titaet  ^ 

^       The  most  commonly  used  units  of  exposure  dose  rat6  are:  '; 

roentgens  per  hour  ^(r/hr)  ^  ' 

'milliroentgens  per  hour  (mr/hr)  ' 
ii-.     Vosorbed  dose  rate  is  the  absorbed  dose  per  unit  time.- 

5.  .The''\U3it  of  absorbed  dose  rate  is  the  rad  per  unit  time,  ^ 

6. '     laie  tnost  commqnly.used  units  of  absorbed  dose  rate  are:      .  ' 

i<.  'rad  pei«^hour  (rad/hr)'-  '         ^    '  0     "  .  , 

'     ,      nnlilixad'-p^r  hour-(mracl/hr);;;*    '     /  j 

7.  Dose  '^d Vose  rate.are  related  (if  R:i&  constant  over  the  time  T) 


by  the' equation: 


D        RT,  • 


where  D  dose 


'  R  ='   dosq  xate  ^       '  }il 

T   =    tim^  ^  '--'^  . 


Activity;.,  *  * 

1.     AuX^tivi-ty  units  are  means  of  .exgresiSirig'tl>e  radiation  output 
^'of  a  radioactive  source.  *  •  '        '     .       ^  - 

2  The  xinit  of  quantity  of  radioactive  material,  evalu6,ted  accop^ding 
to  its  radioactivity,  is  the  Curie  Cct).  One  curie  is,  a  quantity 
ot  radioactive  isotopfe  in  which  the  number -of.  disintegrations  per 
•second  is  3-700  xi  lO^-O.      "  ■  '        ' .'" 

3.      Related -units  are:  .     "  -  *      '    ^  \ 

'   .  1  micrpcur?.e       ^1  l^Ci   f  i^o6^,ood     curie,: '^r^^^^ 

1  miUicurip.  =  'rmCi  .=  ,  ' 10-f  curie  ,  "    '     ^  •. 

^   ■  •  *  *  +'6 

1       ,  1  megacurie   =  .-IMCi'  =■  l>00p,0Q0  ouxxSS        IQ-  /curies'.  ,^ 


' '.Another  unit  of  activity  is  the  rutherford  *(Rd),    One  ruther- 
fard  is- a  quantity  of  radioactive  isotope  in  which  the  numl>ey' 
,  pf_disintegrations  per  second  is  10^. 

5-.  ^  Aunli^^of  source  strength  which  is  convenient  for.  many  purposes 
-    is  the  RAf)  PER. HOUR  AT  Om  METER  (rhra).    One  rhm  is  the  strength 
of"  a  Tadtaactlve  source  which  pi*oduces_lai3/exposui:e  dose  rate  of 
1  rad  per  hour  at  a  distance  of  one  met:er--  - 

6.      A  subsidiary  unit  is: 

1  millirhm  (mrhra)    =  "  1  mrad/hr  at  1  meter 

1 


1,000, 


rhm 


7.  Knowing  the  source  strength  in  rhm^  it  is. possible  to  calculate 
.the  Exposure  dose  rate:at_any  distance  from 'the  sou^rce.by' mesms 
of  tjie  foXlowi-ng  equation:  - 

'   R  '  '  ^  ^"      '  ~' 

d      '  '  •  .      '  y 

.  where-  R  »=   dose  rate  at  distance  d  in  rad/hr  (or  nir§L<l/'hr) 

S         source  strength,  in  rhm  (or  mrhm)^^' 
r 

'  ■  d    =  ^distance-  from  source  in  meters.  ' 
Summary.  *        ^  '       -  .     •    ^     '  • 

1.  One  roentgen  is  equal  to  one  electrostatic  unit  of  charge  per 
cubic  centimeter  of  air  at  standard  conditions. 

2.  ^     One  rad  is  equal  to  IGO  ergs  of  energy  absorbed  per  gram  of 

.absorber. 

'      •  ^■ 

3'      One  rem  I's^  equal  to  the  biological'  damage  dSie  by  the  absorption 
of  one  rgentgeo  of  X .or  gamma  radiation. 

k.  RBE  is  a  comparison  between  the  effect  of  any  type  of  radiation 
and  the  damage  done^by  one  roentgen  of  X  or  gamma- radiation. 

5.  C)n>^  curie  is  ^qual  to  3^x  10"^^  disintegrsCtions  per  second. 

•  j  .       -  '  ^  . 

6.  Rhm  is  a  rad  pe*r-  hour  at  a  distance  of  1  m^eter.  , 

,*  » 

Additional  References  of  Interest:  -National  Bureau  of  Standards 
Handbook  78,  3^+,  86/87;  58.  ,      ^  .  ,  ,  ' 

.  '   ■■  75 
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II.    *  Lesson  Objectives  and  Notes:  '  .      '  * 

^  $  • 

A.  ^Definition  of  dose  unil^^  and  their  interrelationship. 

B.  <     Activity  units  and  their  physical  meaning. 

C.  Units  of  source  strength  and  methods  of  determining  dose  rate  at 
vaurious  distances  from  the  source.  ^  * 
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III^  Jiandout* 

RADIATION  UNITS 


•  Activity 
Dutput'  of  a  Radioactive  Source 

Dose 

Amount  of  Radiation  Received 

CURIE  -  Unit  of  quantity  of 

EXPOSURE 

ABSORBED 

radioactive  material 
evaluated  according  to 
its  radioactivity. 

1  Curie    =    3-7  x  10"^ 

disintegrations  ^ 
per  second        '  ' 

1  Microcurie    =    1  \iC\ 
IjxCi'  =  lO^^Ci 
.  1  Millicurie    =    1  mCi 
/       '       1  mCi    =    10* -'Ci 

-      -    -  • 

« 

.  MEASUREMENT  OF 
IONIZATION  IN  AIR  - 
UNIT  ROENTGEN  (r).  . 

Ir  '=    1  electro- 
static unit 
of  charge  per 
Icc  of  dry  air 
at  STP 

^                  esu          .  • 

"    cc  air  at  STP 

ENERGY  ABSORBED  . 
PER  UNIT  MAS?  ^     .  . 
Unit  Rad  (no 
abbreviation). 

1  rad   =    the  ' 
♦    al)  sorption  of 
100  ergs  of 
energy 'per  gram 
of  absorbing 
'  material*, 

100  ergs 
'^^^^   =    gram  of-; 

absorber^ 

Biological  Damage  - 
.Unit  rem  (roentgen 
equivalent  marl  or 
mammal) • 

'l  rem-  =  damage 

'  •  ^done  by,  " 

exposure  to 
.  1  r  of  X  or 

y  radiation*  ' 

«  UNIT  OF  SOURCE  STRENGTH  , 
(Neither  Dose  or 'Activity) 

y 

rhm   =    1  rad  per  hour  at  a  distance  of  one  meter  from  the  source. 


R  =  dose  rate  in  rad/hr  or  mrad/hr 
S  =  source  strength  in  rhm  or  mrhm 
d   =    distance  in  meters.  ^ 

77 
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IV.    » Problems  -  Rsidiation  Units. 


t 


1.      The  ionization  chamber  in  an  instrument  has  a  volume  of  30  cm^  filled 
with  air  at  standard  temperature  surid  pressure.    In  a  laboratory 
measurement  the  number  of  ionizations  which  occurred  in  this 
volume  dur.ing  a  certain  period 'was*  found  to  be  equivalent  to 
\  esu  of  charge.    -What  was  the  exposure  dose  at  the  position 
/  of  the  ion  chamber? 


2.  'In  a  laboratory  experiment  it^was  found  that  a  sample *of  human 
•  tissue  absorbed  ^^^^ergs  of  energy  from  a  beam  of* X-rays.  The 
m^BS  of  the  tissue  was  8  grams.  What  was  the  absorbed  dose  in 
rad?       -       ^^  .  ,  ' 


* 
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In  the  example  in  problem  2  the  absorbed  dose  in  tissue  vas  due 
to  30i  'gamma  radiation  and  50^  fast'  neutrons.   -What  is  the  ab- 
sorbed dose  in  rem  in  this  tissue?  .  _    -      .  ..*  '  . 


) 


In  a  controlled  expetiment,  one  group  Qf  animals  isQxposdd  to 
50  rad  of  fa'st  natrons,  another  group  of  animals  is  e3jpos|ea  to. 
150  rad  of  slow  neutrons -and  a  third  «roup  of  animals  is  exposed 
to.UoO  roentgens  of  gamma  radiation.    If  the  end  result  is  the' 
same  in  each  group  of^ animals,  what  is  --  '  ^ 


a. 


■^he '  RBE  'for  the  fast  neutrpnfe?- 


i)v     tlxe  RBE  for  the  slow  neutrons? 


9  .  / 


In  the  example  in  problem  h,  i"f  one  animal  received  all  the  radi 
tion,  fast  neutrons,  slow  neutrons  and  gamma,  what  would  be  his 
total  dos-e  in  rem?    (Use  RBEs  found  in  problem  h) 


79 
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In  ap  experiment  on .  laboratory  animals,  it  was  found  that  cataracts 
were  produced  by  absorption  of  30  jrad  of  fast  neutron  radiation.  How- 
ever,  300  rad  were  necessary  to  produce  the  .same  effect  with  gamma 
radiation.    Assuming  one -rad  of  gamma  is  equal  to  one  roentgen  of 
what  is  the  RBE  of  fast  neutrons  for  pi^oducing  cataracts'? 


gamma, 


A  worker  in  a  nuclear  reactor  instaUation  is  subject  to 'the  foUowing 
doses  in  rad:    O.OOi  rad  of  gamma  radiation,  0.0002  rad  of  thermal 
.neutrons,  0.0001  rad  of  fast  neutrons.      •         ^^^-^  raa  or  thermal 

a.     What  total  dose  (ih  nirem)  did  the  worker  absorb?  


^'      rftef  ^  received  in  2  hours,  what  was  the  average  dose. 


^i^J^^^  worker '.exceed  the  permissible  weekly  whole  body  dose 
ot  300  mretn  if  he^ works  a  1+0-hour  week?''  Whiat  dose  will  he 
recel,Ve  in  a  week?  ^  — 

C         '  * 


8..     A  sample  of  radioactive  material  is  known  to  undergo  4.6  x  10^ 
disintegrations  per  second.    How  many  curies  is  it? 


p. 


The  number  of  disintegrations  per  second  in  a  sample  of  Gallium- 73  is 

^  U  '  73 
known  to  be  6.:6  x  10    at  a  certain  time.    How  many  curies  of     Ga  are 

in  thp  sample?    What  is  this  quantity  in  microcuries? 


10,      A  2mCi  ■^^'^Cs  point  sourpe  gives  an  exposure  dose  rate  of  6  rad/hr  at 
a  distance  of  l,cm.    What  is  the  source  strength  of  the  source  stated 
in  rhm?    in  mrhm?  ^  ^  . 


ERLC 
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-If -a  250  mrhm  source  gave  a  dose 'rate  reading  of  5  mrad/hr^  at 
what  distance  f^om'the  source  was  the  reading  taken?     *  "•'  ^ 


137     .  *  '  '  ' 

A       Cs  point  scarce  has  a  source  strength  pf  100  mrhm* 

a.      What  is  the  exposure  dose  rate  at  a- distance  of  3  meters 
from  it?  -  ,  ^» , 


11 


At  what  distance  'would  the  dose.ral^^e  be  20  mrad/hr? 


^  82 


V.     Solutions  -  Rapiiation  Units*' 
/  •      »         ■  ' 

3. 

.  1.^     1  esu/cm     =  ,1  r-^  ' 

'  '     •     h  esu/30  cin^  ^=  ,  0>133  r 

^ 

2.      100  ergs/l  gm   =    1  rad 


1  rad 


k80  ergs  ^ 

8  'gm  100  «rgs/gm 

rem    =    rad  x  RBE 


=    0,6  rad 


rem  for  gamma    =    0.3  rad  x  1  =    O.'^  rem 

rem  for  -fast*  neutrons        0.3  rad  x  10'  =    3  rem 

T9tal  rem   =    3'3  .  *  .      ^  ' 

^00  r  of  -gamma   =    hOO  rem  * 


RBE  = 


rem 
rad 


a.  *    RBE  for  fast  neutrons  = 


hOO  rem 
^50  rad 

'150  rad  :rrrzz 


-  8 


A'. 
*  /  ■ 


bv,     RBE  for  slow  neutrons 
'5/"  Tota3/^ dpse    =  \  ^KDO  rem    .+    ^00  rem   +    ^0  rem,  =  ,  1200  rem 


6.   :  RBE 


RBE 


rem 
rad  , 

300  rem 


.  7. 


ERIC- 


30  rad  .  ' 

jm'  =    1^     '    .  '         ,  \  ,  . 
a.      1  toad  gamma    x    RBE  (l)  mi^m 

,.'^(5.2  mrad  t'hermai  neutrons  x    RBE  (5)   -=    1  mrem 


*  '  a;i  mrad  f^st  ndufrcns-  yi'  RBE  (l6)  = 


^ 


TotaT  Dose   ^*   3  \tirj^m 


I'mrem 


b.  D 

'  R 


=  ,  R  xi  • 

D 

T 


R 

R.  = 
No/ 


3  mrem 
2  nour&  - 


,  '  B  =    R  X  .T  ' 

•D  i  '-1.5^  mrem/hr  x  ^K)  hrs  ♦ 

'  ^  ^    Go  mrem 

8.  •  1  curie  =    3.7  X  10-^^  dis/sec^ 

'         X  10^  dis/sec 
3*7  X  10^^  dis/sec/curie 

9?      1  curie    =    3.7  X  lO"^^  dis7sec 
6>6  X  10  dis/sec 


p. 124* curies 


10. 

R 

S  ■ 

d 

=  Rd^ 

S  = 

=    6  rad/hr  X  (O.Ol  m)^ 

s  = 

;s  = 

6  rad/hr  x  0/0001  ./ 
0;SQp6'rhm            *  , 

= 

'p.00o6  X  1000 

-    rhm  • 

s  = 

0.6  rarhm  , 

1*78  X  10"^  Ci  or  X>78  lid 

—r^-  


■  & 


81. 

81 


r 


11.      R   =    —  . 


5  irirad/hr. 


2  2 


7.07  m 


f/ 


12.      a.      B   =  ^ 
d 


R'  = 


100  mrhm 

100  mrhm 
2 

9m  / 


R    =    11.11  mrad/ft- 


b.  =  -o 


S 
R 


^2,   _.   100  mrhm 

20  «jnrad/hr 

d     =    5  m 

d   =    2,2^^  meters 
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Additional  Information  -  Extraction  fronj  Radiation  Quantities  and  Units.  *  " 
^  International  Commission  on  Radiological  Units 

and  Measurements  (l€RU),  Report  10a;  Handbook  8U, 
United  States  Department  of  Commerce,  National 
k>  '       Bureau  of  Standards. 
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I  RADIATION  yrilTS  1 

J  f 

•In  this  report  the  ICRU  recommends  witjn  considerable  reluctance  and 
some  misgivings,  the  use  of  the  symbol  R  instead  of  r  for  roentgen.  ' 
Several  recognized  international  groups  working  in  the  field  of  symbols 
and  nomenclature  including  the  International  Council  of  Scientific 
Unions  have  agreed  upon  the  convention  that  the  first  letter  of  abbre--  ' 
^  viations  of  units  named  after  individuals  should  be  capitalized.  At 
least  one  country  has  already  officially  adopted  the  symbol  R  for  roent- 
gen.    There  are  many  indications  that,  however  unnecessary,  this  trend 
will  continue  and  hence  the  Commission  has  acceded  to  the  pressure  for 
change.    As  far  as  medical  radiology  is  concerned,  this  chtoge  will  re- 
sult more  in  annoyance  than  confusion. 

The  ICRU  recommends  that  the  use  of *each  special  unit  be  restricted  to 
one  quantLty  as  follows: 

The  rad  -  solely  for  absorbed  dose*"'  ' 
The  roentgen  -  solely  for  exposure  . 
The  curie  -  solely.,.for  Activity.  . 

It  recommends  further  t:hat  those  who  prefer  to  express  quantities  such 
as  absorbed  dose  and  kerma  (see  belpw)  in*the  same  units  should  use 
units  of  an  internationally  a/^reed  coherent  system.  '  .  ' 

^Several  new  na/nes  are  ^prc«posed  in  the  present  report.    When  the' absorbed 
•dose  concept  was  adopted/in  1^53,  the  Commission  recognized  .the  need'  for 
a  term  to  distinguish  it  Jrom  the  quantity  of  wnich  the  roentgen  is  the 
•unit.    In  1956  the  Comrnission 'proposed  tho  term  "exposure",  for  this -latter 
quantity.    To  meet  objections  by  the  ICR? ,  a  compromise  t^rm,  "expo^re 
dose^  was  ar.yeed,  upon.    While  this,  term  has  come  into  ^ome  use  since^then/ 
It  has  never  been  considered  as  completely  satisfactory.    In^ the  meantime, 
the  basic  cause  of*the  ICR?  objection  hai  largely  disappeared  sinc^  most 
legal  codes  use  either  the  units  v^d  Or  i;em. 

Since  in  this  .report  the , whole  ^sy sj^em  of  rad:iological  duLntities  and  units 
hast  borne  under  critilcal  review,  it  seemed  ajJpropriate  io  reconsider  the 

decision.  '  Numerous  names  were  examined  as  a  replacement  for  exposure 
dose,  but  there  were  serious  objections  to  any  which  included  the  word  1 
"d6se. Theri  appeared  to  be  la  mihlmum  of  objectidrt^  the  iahie  d^pocs 
and  hence  this  tt^rm  has^^.teen  adoplfed  by  the  Commission(wit|[  £he  hope  that . 
tHe  quejjtion  hai:  beeij^  permanently  settled.    It  involves' a  linimum  charj^e 

83  o 


« 

from  the. older  name  exposure  dos6.    Furthermore,  the  elimination  of 
the  term  "dose"  accomplishes  trie  longt-felt  desire  of  the  Commission  •  ^ 
to  retain  dose  forgone  quantity  only  -  the  absorbed  dose. 

The  term^  "R^E  dose"  has  in  past  publications  of  the  Commission  not 
been  included'.in  the  list  of  definitions  but  was  merely  presented  as 
a  "recognized  s;^Tnbol."    In  its  1959  report,  the  Commission^^also^  ex- 
pressed misgivings  ovdr  the  utilization  of  the  saAe  term,  "RBE,"  in 
botn  radiobiology  and  radiation  protection.    It  now  recommends  that 
the  term  "RBE"  be  used  in  radiobiology  only  and  that  anotheSr  name  be 
used  for  the  linear-energy-transfer-dependent  factor  by  which  absorbed 
doses  are  to  be  multiplied  to  obtain  for  purposes  of  radiation  prc^ec- 
t|.on  a  quantiliy  that  expresses  on  a  common  scale  for  all  ionizing  radia- 
tions the  irradiation  incurred  by  exposed  persons.    The  naxne  recommended 
for  this  factgr  is  the  quality  factor  (QF)^.    Provisions  for  other  fac-  . 
tors  ar^'  also  made.    Thus  a  distribution  factor  (DF)  may  be  used  to 
express  the  modification  of  bialogical  effect  due  to  non-uniform  distri- 
bution of  internally  deposited  isotopes.    The  product  of  absorbed  dose 
and  modifying  factors  is  termed  the  "dose  equivalent  (DE).  '  As  a  result 
of  discussions  between  ICRU  and  ICRP  the  following  formulation  has  been 
agree'd  upon: 

^       The  Dose  Equivalent  "    •  *      ,  * 

1.    For  brotectioa.purposes.it  is  useful  to  define  a 
quantity  which  will  be  'termed  the  "dose  equivalent 

■  f^^-".  •• ..  .-  . 

^         2!     U)E)    is  defined  as  th6  product  of 'absorbed  dose,  D, 

quality  factor,  (QF),  dose  distribution  factor,  (DP),-'  ^ 
and  other  ^necessary,  modifying  factors.'  J 

.       '    "         -(DE)    =    D(QF)(DF)    '    '    ,  *  / 

^^  '  *  .  .  . 

.  3*.    The  unit  of  dose  Bquivalent' is  the  "rem."  ,,  The  dose  ,  ''^p 

equivalent  is  numerically  equal  to  the  ddk€  in  rad  ^^.^^ 
* -multiplied. by  the  appropriate  modifying- factors.  . 

The*  quantity  for  ^^ch  the  curie  is  ^the  unit  was  referred  to'  the  commit- 
tee for  a  name  arfiddefinition.'   Hitherto  the  curie  has  been  defined  as 

Q  quantity  of  the  radioactive  nuclide  gu.ch  that  S'-Z^x  disintegi^- 
^.tibns  per  secona  ocgur  in  i't.    However,  it  has  been  specified  what  was 
rmd4at  by  quantity  of  ainuclide,  whethe;:  it  be  a  number,  mass,  volume, 
'e3c.  'Meanwhi^le  the  ^custom  W  grown  of  identj-^^ing  the  number  of  .curies 
'  oq  a*  radionuclide''^ with  its  tr£.nsformatipn  r^tel    Because  of  thej"  vague- 
nebs  of  the  origindl  concept;  because  of^the  cuptom  of  identifying  curies 
wifbh  transformation  rate  and  Wfecause  i^  appeared  not  to  inteirfer^^*  with  any 
o3her  usejof  the  curie,  the  Ccihmission' recommeillcLs  that ^  the  td&n  activit)r_' 
use^*r,ttoe  transfomatiorll  rate,  and  that  the  curite^  be  m^de  ita/  unit. 


a?  3.7  X  10^,"..s,"V  i..^.,  as  a  unii 


oX;;  CS/-'^'^''^  --:f-  -'^.,-^<?2lni-ion-of  ,che  curie  is  of  interest  to 
o...er  .oiioc  ir.  aaditicn  ..o  the.-  IQRU,  lur       thi^  report  ve  recommend 

2\evz'  ie' t3.y,jiv.  lo  redo'fine  i . 
0-:  acvivi-y  and  i.o-'of  -t.antity  o?"  a'^nLclide'.  ^  . 

I^■  is  also  reco-r.ended  'tnat  the  teU  "specific  gamma  r;.v  Vnncf .ri^.  be 

^   -iven  dictance  !-y.A.e  activity.,   ir.e- foimer^*tt«Bu 

-'-^  £2E£^Hi£iL       this  gifetient  for  a  given  n^cUde 
ra...fcr  ..-.a.-.    ;.c-  ■i^ission  of  the  source. 
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DF030,  INTRODUCTION  TO  PAM  25 

Reference:,   Skim  Pffn  25.  pages  1  -  217.    ^     -    i  i  ■ 

,  Le55on  dutline. 

A.  Introduction.      '  '         .  ^ 

B.  Explanation.  j      ,     ^  .  ^ 

In  the  introduction  to  this  painphlet,  we  briefly  cover  'important 
topics  thrbugh  a  p9ge-by.pa]ge  analysis,  concentrating  on  the 
material  the  student^wi^l  need  most/  The  instruction  is  directly 
keyed  to  Pam  25.  ^  ^ 

1.      Areas  mo3t  usedy^n  Pam  25  are  as  follows- 

a.  Atomic  massltable,  pages  51-64. 

b.  Density  or  elements  and  common  material,  pages  65-66, 

c.  .List  of  elements,' page  68.  , 

d.  Universal  decay  table,  p^ges  106-107. 

e.  Beta  attenuation  curves^  pages  122-123.  * 

r.      Mass  attenuatioo  coefficients,  pages  137-140. 
g.     "Glossary  of  terms,  pages  413-441. 
2.      This  book  may  be  t;§l)ed  for  student  use.  " 
C.      Sumniaryr*        .       ,     •     *  • 
^   Handouts:  None 
Problems:  *  Non*? 


Solutions:  None 
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NATURE  OF  X  AND  GAMMA  RAB^IATION  ' 
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dfo4q;  nature-  of-x  -and  gamma  radiation  . 

Reference:  ST' 3-155,  para  2.5d,^k.6c,  U.9b(3),  and  '4. 9c (3) 
Lesson  Ob.iectives  and  Notes:  ,, 

A.  FundaTieatals  of  electromagnetic  radiation, 

B.  Ori./in  and  produc/tion  of  X  aai  gamma  radiation.  . 


DF050,  TABLE  OFISOTOP.ES 


I.'    References  and  Discussion. 


RefereTices:    Pam  25,  pages  219  thr 


NOTE:  For  the  purposes  of  consistency/yWithin  the  Radiological 
Safety  Course,  when  more  than  one  value  for  a  certain  constant 


(especially  221  thru  228), 


or  characteristic  listed  in^ti' 
listed  value  will  be  use'd.  ^ 


the  Table  of  Isotopes,  the  first 


The-N^^llowing  is  a  d^iscussion  of  the  data  shown  in  the  Table  of 
Isotopes  for  several  specific  isotopes  illustrating  \^^t* material 
may  be  obtained.    Thf  discussion  is  keyed  to  numbers  ^own  ovef- 
layed  on  the  table  ejfcerpt. 
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9  ?5  ^ 


91. 


(  I 


:  \ 


lunopc 
7  A 


abundance.  Mlttcxccis 
r^.?M-A)  M<V  (C  0) 
T}xfmal  ncuiron 


CcnctK  rcIatK>nUiip» 


Major  rad/attook  ' 
approximare  cncrgm  (NfcV) 
4     .and  intcnsKici 


Prinapal  means 
of  produaion 


»1illOP4'J,  /"v^'SjU 


29 


i,      Id^entirication  of  radionuclide  -  Z  niunber  29? '  chemical*  symbol  fcu,  *' 
and  A  number  ^k,.    Listed  by  Z  ntunbers.  •       .  " 


2. 


Half- life  is  12.80  hours  -  use  first  listed  as  more  correct. 
Feference  behind  tells  where  first  stops  and.  second  starts. 

Decay  syrrMol  ine'ins  radioactive.    If  a  percent  sign  was  there,  ^it 
would  ^lesm  ^h*?  nuclide  is  found  in  nature. 

,  Types  c/f  decay  -  Iri  a  large  sample  ^3f?  decays  by  eleqtron  capture, 
36^?  oy^  beta  enls'sions,  and  I9f?  by  positron  emission.  ^  ^ 

Ratio  ot  0      ^'  EC  decay  to       decay  -  not  us ^d^ for  our  purposes, 

Diffeyenc?  in  A  n^omber  ("protons  and  neutronsj,  and  actual  mass 
nv^nber  converted  to  million  electron  volts  -  not  ttsed  for  .our 
?p^ur  poses: 


ide  -'not.u^d  for 


T.      C.er+ainty  of  nuclide  -'not.u^ed  for  our  purposes. 

*  '    o  ^ 

"  8.      ?-:^thod  of  determination  of  the  n^SN.ide. 

♦  •  '         *      ,  •    ,  •  -* 

-  '  *    '  '  \ 

9'    '  3«  rax  energ:/  pnly  -  does  not  give  the  energy  of  all  be1;a  decays. 

10,  p    rpax  enfrp:y  only--  does  not  give  the^energy  iY"  all  positron  decays. 

11,  Conversion  ele^^tron  energy i.-  not  used  for  our  purposes.  • 


12.      Gamma  energies  • 

(daughter)  X-rays^  aanihilatioYi 
•   ^    (3i^jy  +)  an4  normal  gamm;: 


iit^ude  X-ray&^s  well  as  gaVnma  cihi^sioit.  Ni 


ra^idtibn  from  ■^B+  dicay  -  0.511 
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The  decay  schemes  are  irawn  ^o  ^he  best  of  the  author^s  ability  tc  give 
a  graphic  represent aticn  of  V7hat  oecure  v^iien  decay  of  5  radionuclide  is 
accomplished. 


The  schenie  itsel?  has  d^inite  r.eaning  froir.  ^he  lines  involved.     If  the 
line  ""siant.^  to  .the  right,  it  Is  negative  (6^)  emission.^    If  tne  line 
slants  to  the  left,  it  is  a  positive  (&^^  a)  emission  or  electron 
capture  (EC).    If  the  line  is  vertical,  it  is  a  gamma  or  neutron^  emission. 
The  parent  nuclide  is  listed  at  the  top  and.  t^e  dastaace  between  it  and  % 
the  bottom  listing. represents  the  energy  lost  b.y  decay  in  going  from 
the  parent  to  the  daughter  nuclide.    The  lines  vath  arroVl^ds  represent 
decay  emission.    It  starts  at  th«  end  of  the  line  and  goes^only  as  far 
as  the  daughter  line,  then  another  line  froir:  the  point  i^  f tops  represents 
another  decay  to  cojnplete  the  process. 


In  an' explanation  of  the  decny  scheme,  only  those  points  of  interest  will 
'he  explained.  Further  explanation  of  the  s^hetae  c?an  be  obtained  on  pages 
227 'and  228  of  Pam  25. 
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'n»     (2.*0  y): 

D   Zty^i   •1.74*  atomic  bc«in  (UndsU4) 
P*'.^2  iDanUiiU);  •.54)  (HamijSia);  •.S43  (MackPSOa):  •.54t  (WonCS4)r 

fpp^i?fr%.06).  ^2  (f  »00)  m*f  tp^ct  (WTIB53) 

\^dt}nrrr(Co«W44,  MorfK49.  L«uH«t,  BranW44A,  CharPAS) 
Y:  Y|  1.2744  lemUond  tpeet  (Roblll63)  » 

other*  (MarlK6S«  SiAp59.  AlbuDr4f«  AjsFSS.  'CooW44) 
pY(f):  (CrabZ6S.  DAoiK6%a«  SubB^lb,  StevDSt.  MuUH4S) 
PYpoUrrx(4};  (StemS?«  BloS62,' AppH59.  BhaS6S,  ScboHST) 


ERIC 


22 

Decay  of  ^j^-j^Na.  *  '  -  ^ 

Half-life  of  the  parent  nuclide.'   '  • 

2.  Parent  radionuclide.  .  , 

3.  Types  of  decay.  .  *  '  v 
ii.      Percent  of  decay  for  upper  line. 

5.  Percent  of  decay  for  lover  line. 

6.  Hindrance  factors  -  explained  on  ^ge  228,  second  column.    Of  no 
importance  to  our ''calculations .       .  , 

7.  Energy  of  this  line.    From  this  line  to  the  ground  (daughter)  states 
this  much  energy  is  ennitted,  since  only  one  vertical  liiie  goes  to 
the  ground  state  (8)^.    This  is  the  gannma  energy. 

8.  Gamma  emission  (energy  1.27^6  Mev). 
.    9.  ^    Total  decay  energy.   '  . 

10.  Daut^hter  products.  * 

11.  Energy  of  positron  in  '^.    Energy  read  from 'scheme  bottom  to -top. 
There  are  two  posijbronwlines  -  the  longest       P^^and  the  next  up 

if* 

12.  Energy  of  positr9n-      ^*     J  Q  Q 


56 


I  ma.g  tpect 


Mn  (2.576  h): 

I:   3tu2+3.?403  atomic  beam  (Und4l64)         ^  ^ 

p|  2.14  (607*).  p2  ^-^^  t^^^*^'  P3  ^'^^  U^^*}  i^g.spece  (&ihL43a) 
r     ^'^Ml  (50r*).       1.04  (30%).  p3<Q<45  (20%)  mag  spect  (SiegK46a) 
otiSvs  (T0wnA41.' VasiSSdl.  CharP65) 
Y:        0.«44l,  Yj  Y|j  2.110  cryit  spect  (ReidyJ65) 

0.145  (r^SO),  Y3  2.12  (ryl5.3),  Y^  2.52  (fYl.2), 

Y5  2,45  (f^O.T).  Y^  2.t5  (1^0.4),'  Y7  3,3»  (fY0.21)  <cint  ipect 
,  (CookCS58) 

\  (cVv  0.0006),  Y3  (eVv  0.0005)  mag  ipect  conv  (SlaH52) 

r    Other*  (DagP69,  Gro«hL57a,  KicP59,  BieJ64a".  LcvlN58,  EniJL43a 
Si<gK46a.  MunM55,  KikS42.  GcrmE53,  MctF53c)  ' 

YY(0):  (DagP59,  LcviN58.  MetF53c,  MahS59) 

pY(0),  pYpo\arlz(0):    (LobV62)^  nuci  ali^n;,  {l>agP59.  BaueR60a) 


0.024  level  dV""Mn;  1.14  x  lO"*"  «  delay  colnc  (DT0IS6I) 

\  i\A  in*8 

O.IOt  level  of^^wf 


1.04  X  lO'''  s  deUy  coinc  (BoniM64) 
others  (DAngN60) 


I  \  10-  •  delay  coinc  (DToiS6l,  BoniM64) 
other*  (DAngN60) 
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56 
Z5" 


Mn 


10. 

11 : 

12. 

13. 

}h. 

16. 
17. 


;p  '  -  '^??ur?  1.3^  of  time.    Look  at  bottom  for  beta  energy, 

r"  (P.- -  cccurr  iC';  cf  tirre.  Look  at  bottom  for  beta  energy,-* 

f~  ^f^,  )  -  occurs' 30^;  of  time.  Look  kt  bottojn  for  beta  energy, 

p'  (Q^)  occurs  53fo  of  time.  Look  at  botrtom  for  beta  energy, 

/  iec'iy  -  'J-^  of -all  gamma  from  this  level  (1.3^^  of  time)  decays 
:y  emission  of  a  3*37  f<ev  gamma  pnoton.  .  / 

/  iecay      ^^f.  of  all  ^^amma  from 'this  level  (1.3^^  of  time)  decays 
emission  of  "'i  2.^2  Mev  gamma  pho.ton, 

>  i^c'.v  -  cf  ^.11  gamma  from  this  level ^  (l6^^.  of  time)  decays  -  ' 
•y  Grrifc-ierr  of  "  ^.93  ^^'ev  g^imma.  photon. 

y  "je-'O'  -/'7^  of  ail  r-ijrjT/ji  from  this  level  (l6f^  of  time-)  decays 
ry  emisc-ibn  of  "  2.11  Mev  g^jrjna  photon.  ^  ■  .  ' 

7  dejay  -  2.2f  of  all  r^airima"  from '  this  level  (30^>  of  time)  decays 
'by  emission  cf  a  2.f/'  Mev  ?:^-)mma  photon. 

/  locay  -  -7.3:^.  of  all  ^yijrjna  from  this  level ^  of  time)  decays 
i>y  emission  oJT  a  I.81I  Mev  gamma  photon.  . 

/  2eciy  -  gamma  photon  of  0.8^69  emitted  SSf^  of  time, 

U.'.inr  fircr.  lictei       -  the  energy  of  (6)^P^(&")  is  ^.SU  Mev. 

^V.in^-  firr^t  li.-ted  3.  -  the  energy  of  (5)  0^  ^P"")       ^-^3  Mey. 

Using  first  listed  3.^  -  the  energy  of  OO        (p" )  is  O.72  Mev.. 


Using  first  listed       -  the,  energy  of  (3)       (P')  is  O.3O 


M^v. 
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II.    Lesson  Objectives  and  Notes:' 
Use  of  the  Table  of  Isotopes, 


ERIC 
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III.  Problems. 


0 


ERIC 


1..,    Using  the  table  starting  on  page  51,  Pam  25,  list  the  more 
^       common  isotopes  of  the  following  elements  and  give  the  mass 
,  of  the  heaviest  isotope  of  each  element. 

Z  NUMBER  AND  NUf^ESR  OF'  MASS  OF  '~ 

,  ELEMENT  NA^g  ,    ISOTOPES     .         '     HEAVIEST  ISOTOPE 

a.  "  11-Sodj.vLi! 

b.  2it-Chroniu:n  ,  •  -      -         .  ' 

c.  ^  60-Neodymiu.'a 
■d.  92-Urania'n 

e.  9^-Plutoniu.-n  '  • 

f.  36'-krypton  -  .  '  , 


7^ 
— ^ 


2...  List  the  half-life  of  the  following  nuclides. 

NUCLIDE  HALFlLIFE 


a.  \ 


27  ■ 

55 

235-j 
•92 

'82Br 
35 
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What  type(s)  of  particles  would  you  expect  from  trie  decay  of  the 
following  nuclides?  '  "  ^  • 

OTJCCIDE    '  TYPE  OF  PARTICLE 

^  -  / 


1.8 
53 


After  arriving  at  a  nev/  assiga^^ent,  you  decide  to  take  an  inventory 
of  raiioactive  materials.    One  large  leal  container  is  foUnd  to  have 
three  bottles  in  it  marked"!,  2,  3."  A  sign  on  the  container  stat^gs 
that.it  contains  ^^r-^^,  3|S,  in  solution  fom;  however,  you 

can  find  no  record  of  which  nuclide  is  in  which  bottle.    The  nuclides 
are  all  beta. emitters.    You  'measure  the  beta  energies  and  find  the 
maximum  beta  energies  are  as  follows.    What  nuclide  is  in  each  bottle? 

BOTTLE  ENERGY  NUCLIDE 

1   2.27  ^         '     '   «   ^  * 

2  0.150   .  

13  0.167  


105 

104 


Give  the  energy  of  the  most  energetic  gamma  photon  from  the 
following,  ^   

/    4         GAMMA  ENTERGY  PERCENT 
IgOTOPE    I     J  ^   IN  mv  OCCURRENCE 


llTg^ 

79as 
33 

kS 
e. 

srr 

f.  -  70as 

33 


115Te 
52 


h/  205Bi 
83 


You  have  been  assigned  to  ship  a  large  qtuantity  of  5ICo.    In  order 
to  detennine  how  thick  the  container  wall  mu^^e  to  shield  person- 
nel.from  gamma  radiation,  you  must  know  the  most  energetic  of  these 
gamma  rays,  which  occur  3^  of  the  time  Cji*  greater. 

/ 

The  most  energetic  is*  


lOG 

105 


List  the  types  of  particles  emittecL  from  the  following  nuclides, 
the  percentage  of  the  disintegrations  vhich  result  in  the •particles, 
and  maximum  energies  of  the  particles. 


NUCLIDE 


TYPE  OF 
PARTICLE 


PERCEITT 


ENERGIES 


EXAMPLE: 


6^ 
29 


;cu 


3^ 
19^ 


0.573  Mev 
0.^656  Mev 


hb 

\ 


8.     What  percentage  of  naturally  occurring  uranium,  ore  is  ^^gU? 


ANSWER: 
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9.      Give  the  isotopes  or  the  following  elemeiit^which  are  found  in 
nature  and  the  peroeata.ie  abundance  of  ea<^h. 


a/  Oxy/^ea 


ISOTOPES 


b.      Alum  in™ 


d.  Uranium 


I. 
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10.     '//hat  is  tne  energy  of  each  of  tc.e  beta  particles  given  off  in  the 
decay  of  ^31l  (d^cay  scaeinG)?    Wh^t  percentage  of  the  time  is  each 
particle  given  off? 


RADIATIOII 


PERCEJIfr 


11.      Accordia-'S  to  Parole  I.  Pam  25.  .for  :^aii2anie3e-^56,  wJ^MRre  che  eaergies' 
.of  all  ^he  indicated  gam?^  tranoitions?    What-shoijp  be  used  for 
stiieldin.-^  purposes?  "  >'  ^  .         '  ' 


EMC 
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'l08 


What  gamm^  energies  should  be  U3ed  for  shieldin,^  ia  the  decay  o 
the  following  radionuclides  (occur  3^  of  the  tme  or  greater)? 


NUCLIDE 


a. 


17 


b. 


66, 
31' 


'Ga 


52 


d. 


83 


11^  1. 

56 


•3a 


U2k 
19 


8. 


6o, 


27 


'Co 


i. 


59Fe 
26 


57 


La 


,192- 
77^ 


Ir 


110 

109 


r 


24-Chromium 


1  - 


i.IASS  0?  HEA^niEST 
ISOTO?E   

23-9917^^3 

130.923770 

2'43. 056633 
^U6. 070120 
59.919720 


12.262  years 
3.730  years 
11.96  hourd 


5.263  years 


I'Tr- 


30 . 0  years 


9^ 


7.'1  X  10^  years 


35 .  ih  hoiars  ' '  / 
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no 


IWCLI-DS  TYEE  OF  PARTICLE 

53  . 
5gCe  ^  None  (EC) 

21*1, 

95  ...  °:  . 

83^1  -  ,  a  ^ 

67^0  .  ^-     None  Cs^table) 

BOTTLE  .  ENER"GY(Me'v)'  NUCLIDE 

1  '  2  27  90^,;.  90^ 

3  -   ,  0.167  '353 


112  . 

/ 

111 


/"GAMMA  ENERGY  PERCENT 
ISOTOPE      ;  IN  MSV  OCCURRENCE    ^  ^ 

^^'Jsb.  0.511  .  5^^ 

P^Nb  ,  .  1.2  •  2l1> 

hi 

^?As  '  0.89  H  \ 

33  •  '  ' 

e.     ^Co  1.332     •  ~  ^  KX^ 

g.      ^f^Te  1.58  ^       6^      .        •  ■ 

The  most  energetic  is  O.692  Mev  {0*^h$).  Considering  those  which  occur 
3^  of  the  time  or  greater,  the  mo^t  energetic  is  0,136  Mev  (ll^)> 


NUCLIDE 

TYPE  OF 
PARTICUB 

PERCEMT 

EHERGY 

•  9.25^  ■ 

2.656 

2.00  Mev 
0.8T  Mev 

2.% 

0.78  Mev 

t 

> 

a 

^" 

.£  0.27^  , 

6.62^  Mev  .  * 
None  list«.d 

2gu  composes  0.7196  percent  of  naturalfy  occurring  uranium  ore. 

113  .  ' 

.112 


I 

i 


Oxygen 

Aluminum 
Zinc 


-  d*  Uranium 

RADIATION 

*  ^3 
^5 


isoTOPt: 

17. 


27 


Al 


6it 
66 
67 


68, 


Zn 
'Zn 
Zn' 


Zn 


7°Zn  . 
•'235u 

-  ?38„  - 

•  ENERGY 

0.81 
0,608  - 
0.33  - 
0,25  ' 
■Not  listed 


ABUNDANCE 
99.759^^ 

o.oyji 

0.2()ki 
lOOi 

?7.8li 
h.lli  ■ 

18. 56^ 
0.62^ 

0.0057?^ 
0.7196^ 
^9.276^ 

PERCENT 

oM 

6.9^  . 
1.6^- 


Energies  from' Table  I,  Para  25,  •^are:  '       '  ' 

0.8i47,  1.811,  2.110.      ■  .      "  , 

For  shielding  purposes,  the  max;lmxn  ganina  snsrgy  occurring  j(,  of 
the  time  or  greater  is  used.  .-='-' 

tMr?^Tnn*^^^^   '''''''^J  '^'^^  ^^^^^^  the 

third,  2.110,  occurs  l^^o.  .  ^ 

The  energy  used  for  shielding  purposes  is  2.11  Uev. 
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12.-.  NUCLIDE       ,  ^  OmAk  SW£RGY  (Mgy)^ 

*  a.      3»^ci  .  0.511  ■ 

17  - 

.    -  31,;- 

c  *   ii9^xe      ■'  .  2.09 

52 

* 

/     '  83 

e.  ^^^Ba        ,      '  1.65.  „  ' 
_   56  " 

f.  '^^^K  1.521; 

19  .  ' 


g. 


h. 


60co  1.332 
2T 

59p:e  '  -  ^  1.292 
26 

^^\a  .       .  2.53 


;i92ir  ^  ■  -      0,612  . 

7r 


115 

114 


I 
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,DF060,  SHIEL«lS^OF  CHARGED  PARTICLES 

-I.  R^acaiwes:  ST  3-155,  Chapter  k,  paragraph  h.l,  h.2,  k.<j,  h.6',  h.l,  k.9. 
II.-.  Lesson  Objectives  and  Notes:  '  *  . 

A.  Mechanism' of  absorption  of  charged  particles. 

B.  '     Range  of  beta  particles. 


117 

,  115  . 


Notes: 


III..   Handouts;  Hone 


\  > 
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IV.  Problems. 

A.      Class  and  home  problems. 

1.      F^roih  the  figure  on  page  IZZ,  Pam  25,  obtain  the  following 
^'\alues  (in  inches).    «  ^ 

a*     The  range  fn  air  of  a  1  Mev  beta  particle. 

'  '  b.      The  range  in  watfer  of  a  ^4-  Mev  bsta  particle. 

The  range  in  aluminum  of  a  0.3  Mev  beta  part;Lcle. 

d.      The  ran^e-ln  lead  of  a  1.7  MeV  beta  particle. 

.    2.      From  the  figure,  page  122,  Pain  23,  find  the  raage  (in  inches) 
of  a  3  Mev  beta  p^tlcle  in  each  material  listed  below. 

^  "*  *  -  '  ^    '  * 

a.  Air 

*  *  *  ^.     Water  ^  '  '  . 

c.  Aluminum  '  -  ^ 

d.  '  Lead 

.1  3.      Convert  each  range  obtained  in  problerf  2  into  centimeters 

(1  inch    =    2*5^  centimeters). 
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From  figure,  page  123,  Pam  25,  whaf  is  the  range  in  ^* 
las/cm-  of  a  1  Mev  beta  particle?    What  is  this  range 
expressed  in  centicienters  of  alu-ninum? 


Basel  on  figure,  page'^123,  Pan  ^5,  vhat  is  the  range 
in  centimeters  of  an  6  Mev  beta  particle  in  copper? 


Based  on  the  figure,  page  -123,  Pam  25/  \^hat  is  the 
range  in  centimeters  of     0.7  Mev.  beta  particle  in  gold? 


T 


In  a  laboratory  experiment  the  maxLman  range  of  beta 
particles  from  a  source  was  found  to  be  0..  25  cm  in 
aluminum.    V/hat  is  the  maximim  energy  of 'the  beta  • 
particles? 


--A  lead  shield  is  bombarded  with  beta  radiation  with 
the  maxirhum  range  being  0.06  cm.    What  is  the'  maxixyium 
energy  of  the  beta  particles  ? 


120 


Solutions  to  problems.  |^ 

A.'     Solutions  to  class  problems.  ' 

1,      From  page  122,  Pam  25  - 

The  range  in  air  of  a  1  Mev  beta  particle  is 
120  inches. 


n.      The  range  in  water  of     ^  Mev  beta  particle  is 
0.93  inch?s 

c.  The  range  in  aluminum  of  a  0.3  Mev  beta  particle 
is  0,011  i'l^ch. 

d.  /  The'rnnge  in  lead  of'  a  1.7  Mev  beta  particle 

is  0.623  inch. 

From  page  122,  Pam  ,25,  range  of  3  Me^^beta  particle  - 
a.'-     In  air  -  520  inches,    r  ~ 


 "T^"" 

b.      In  water      0.67  j-nch  ' 

G.      In  aluminuHi  -  0.25  inch'. 


In  lead  -  0.055  inch. 
'"'onversioit  of  ranges  in ^;iraM^  into  centimeters: 

a.  520  inches    =    (5^0)(2.5^)  centimeters 

=    13P0  cm- 

b.  0.67  inches  =    1.70  cm 

c.  0.25  inches  =    0.^35  cm 

 ^ 


0.055  inches    =    O.1398  =  0.1^ 


cm 


FroTn  page  123,  Pam  25  -  ^ 

2 

Range  of  1  Mev  bet^  partible    =    ^00  mg/cm'. 

In  alummxim-:    X  = 

p    =    2.699  gm/cm^^.  (page  65) 


p    =    2699  mg/cm^ 
I4OO 

—, — —     =  U.l'I 


then  X    =    ^    =  0,lU8_cm, 


5r'.     From  page  K'3j  Pam  25* 

For  8  Mev  beta-particle    R    =    ^150  mg/cm 


Frpm  pAge  65?  PajTi  ?5     P    =    8.9^  gm/ 
R  •       ii?00    ■      -  ,  >, 


cm 


89^0  mg/cm-^ 


age  123,  Pam  25  - 

2 

For  0.7  Mev  beta  particle    R    =    250  mg/cm 

?  /  '  '       «  V 

FVom  page  65?  Pam ^2^  - 

6f  gold    =    19.32.  gm/cm^    '=  ^1.9,320  mgjcm^ 
250  ' 


X 


'R 
P 


.19,320 


Ov0129  cm 


Max' K    =    0.25  cm'*in  aliominiini. 
From  page  65,  Pam  25  ^  ^  ; 

p  for  Al    =    2699  ^g/crri      ^  , 
R  •  i=   Xp    =   0.25  (2699)  '  =  '  6f5  mg/cm^^ 
From  page  123?  P^  25.  - 
Max.  energy  of  beta  particle    ?    1>5  Mev> 
Majt  X    =    0.06  cm  in  lead.  / 

♦ 

From  page  65^  Pajn  25  - 

p"-  =    11,350  mg/cm^  '  ^ 

R    =    Xp    ^    0.06 1: 11, 350)    =    681  'mg/cm^ 

6  '  "  

From  page  123*,  Pam  25  - 
Max  energy  *  =.    1>53-  Mev 


122 

121  .■ 


'  1 


'■SPECIAL.  HAZARDS 
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DF070,  SPECIAL  HAZARDS 

c 

A.      References:    TA. 3-220,  para  laO-lO;;  Fam  25,  pa^es  194-203^  206-20?. 

3.      Discassioi.  ^  .  < 

I.     Radioactive  Materials.  -  « 

a.  General.  *  v 

The  greatest  hazard  to  the  worker  in  the  field  of  radioactivity  lies 
in  .the  accidental  entry  of  radioactive  material  into  the  worker's 
.body.  -The  mode  of  entry  may  he  by  inhalation  of  air.bprne  dusts  or 
aerosols,  ingestion,  accidental  injection, cor  entry  through  an  Open 
wound.    Regardless  of  the  mode  of  entry,  a  small  amount  of  internally 
deposited  radioisotope  may  present  a  considerable  hazard  vhereas  the 
same  amount  would  be  unobjectionable  if  outside  the  body.    Because  of. 
their  chemical  or   nuclear  properties^  some  commonly  used , radionuclides 
are  more  hazardous  than  others,    h  j 

The  chemical  or  physical  form,  the  chemic^  properties  and/or  the 
nuclear  characteristics  of  many  elements  and  compounds  offer  potentially 
dangerous  conditions  vith  which  the  radiation  protection  or  safety 
officer  will  have  to  contend.    Some  hazardous  non-radioactive  materials 
are  commonly  used  in  the  radiation  work  area  which  may  be  overlooked 
-because^-'Df'^ their  non-radioactivity.'.  The  special  hazards  or  special 
hazard  situations  which  could  result  from  using  special  hazard  mate- 
rials require  the  radiation* protection  or  safety  officer  to  recognize 
the  potential    hazai'H,  establish  safety  procedures  to  offset  the 
potentiality  of  the  hazard, 'and  be  prepared  to  institute  emergency      — • 
procedures  if  pre^/entive  aotions  fail..  This  discussion  is  presented  A 
to  make  the  reader  aware  of  some  of  the  special  hazard  materials  en-^^  \ 
,     countered  in  many 'radiation  work  areas. 

b.  Definitions. 

Special  Hazard  -  A  hazard  or  potential  hazard  presented  by  ^  radio- 
nu'clide  or  radioactive  material  apart  from  the  external  ra(^ation 
hazlird  common  to  all  radipactive  yfiiaterials. 

Special  Hazard  Material  -  A  radionuclide  or  radioactivey6anpound 
which,  because  of  its  intrinsic  characteristics,  pres^fvts  a  special 
h&zard.  '        *  , 

Special  Haza»d  Situati^on  -  A  procedure,  operation,  or  situation  • 
which,^  because  of  the  intrinsic  characteristics  of  the  radionuclide 
involved,  preserft,s  hazards  not  encountered  when  working  with  other 
radioactive  materials. 
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c*    Special  H-^zard  Mat,erials. 
(l)  Tritium. 

^  i^)     General.     After  the  discovery  of  deuteritJin  in  193^?  much 

effort  was  expended  in  searching  for  a  hydrogen  isotoj)e  of 
r^ass  number  3»    Exhaustive  electrolysis  of  highly  concen- 
trated deuterium  oxide  samples  gave  residues  in  which 

~  tritium  was  detected,  the  quantij^fes  of  the  material  being 

such  that  a  natural  ratio  of  10       atoms  x)f  tritium  per 
itom  of  light  hydrogen  (jH)  was  suggested  in  19^0.  However, 
«  \he  ratio  ^10"-^"  being  so  low,  the  existence  of  natural 
tritium  is  often  disregarded. 

(b)     Tritium  production.    Natural  tritium  is  believed  to^ be 

formed  by  neutron  bombardment  of  atmospheric  nitrogen  ^ 
according  to  the  ,€quat3iron       *  . 


li+  1  12 

/  O  D       .  1 

The  necessary  neutrons  result  from  the  action  of  cosmic 
radiation  on  ?^tmosfheric  gases. 

Tritium  was  first  prepared  artifically  by  Lord  RutherforcJr, 
Marcus  L.  E.  Oliphant^and  Hartefck  in  1935  by^.the  bombardment 
of  deuterophosphoric  acid  with  fast  deuterons.  Deuterium 
compounds  bombarded  with  high  energy  deuterons  produce  - 
tritiam-  and  light  hydrogen  accordinr  to  the  equation 

:  2  2  3  1 

p    +    p       -  Jt    +    J[H    +    Q  ^ 

Helium  is  also  produced  according  to  the  equa^on 

'        P  '        2.  ^  1 

fD    +    fa  -    ^He     +    ^n    +  Q 

1  )1  2  o  •  ' 

Tritiam  has  also  been  obtained  by  the  reaction  of  slow 
neutrons  on  lithium  in  pai^ticle  accelerators  or  nuclear 
reactors  according  to  the  equation  .  i.' 


3""         6  12 
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other  possibilili'ies  of  production  are  from  deuteron  bonibard- 
ment  of  beryllium. 


k  1         1  .       U  - 


or. 


9Be  + 


+ 


2^6    +  Q 


1 


1 


.  2 


*and  a  few  related  processes.    The  reactions  Be  (d,  2^0 

Wnd  Li  (n,  Ci)  *T  are  useful  in  the  preparation  of  tritium  in 

sizeable  quantities. 

(c)    Characteristics.    Tritium  is  the*  only  known  radioisotope  of 
'  hydrogen..   The  following  symbols  are  used  to  indicate  tritium: 


►Tritium  has  a  half -life  of  12.262  years  and  emits  beta  parti- 
cles of  l8  Kev  energy.  -  This  is  one  of  th^  l^ast  energetic  beta 
particles  known.    Undiluted  tritium  gas  ^as  an  acftivity  of  2.6" 
curies/cc  STP,or  9.8  x  lo3  cxiriesVgram.    Pure  tritiated  water 
has  an  activity  of  about  2.7  x  lO'^  cxiries/grem.    Since  it  is  .an 
isQtope  of  hydrogen,  tritium  has  the  same  chemical  prdpe^rties 
as. hydrogen.    It  is  explosive  in  the  proper  concentrations.  .It 
diffuses  rapidly  and  strongly  adsorbs  onto  and  absorbs  into  all 
^    'surfaces.    Tritium  undergoes  isotopic  exchange  with  hydrogen 
combined  in  molecules,  especially  water  and  hydrocarbons.  ^ 
Under  proper  conditions,  it  combines  directly  with  most  of  the 
lighter  and  many  of  the  heavier  elements  to  produce  a  hydride 
of. the  element  with  whjLch  it  combines.    Some  of  these  reactions 
"  can  be, very  violent,  /ieldinig' high  temper atxires.  ,  , 

(d^    Uses.    Ti^itiw  may  be  used,' in  nuclear  weapons.    It  is. also 
finding  extensive  use  in  both  civilian  aijd  military  appli- 
cations pthei:  than  weaponi^.    Tritium  is  rapidly  replacing 
,    radium  as  the  ^Radioactive  componerit  in  luminous,  paint  used' 
on  compass  and  watch  dial^  and  sighting  mechanisms.  ScMe 
detecting  elements  used  on  j^as  chromatographs  and  accelerator 
targets  for ^neutron  sources  have  tritium  «s  a  component. 

Tritium  me'asurements  are  also  us;ed  in  dating  experiments. 
Determination  Whether  an  ;ihdergr(^und  reservoir  is  static  or 
not,  circulation  in  the  Great  Lakes  and  the  actual  age  of  a  • 
wine  h^ve  been  accomplished  using  tritium  counting  techni-  ' 
ques. 


'•3 

K,  ^T,  or  T;-  As  a  gas 
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TABLE  I 
TRITIUM 


TYPF 

ELE?CNT 

uF  DECAY 

HALF'^LIFE 

properties/uses 

XL  X  f^JL uin 

p 

years 

less  gas.  J 

±o  iVev 

o 

c  • 

i/jlixup6o   Uiix^uugn  jnaocx  jLaj.p  • 

• 

3. 

Absorbed  by  metals. 

Forms  metal  hydrides. 

r 

5. 

Retjlape  s  hvdroffen  in 

hydrogen  compounds. 

■ 

6. 

Constituent  of  Ixjunine scent 

paints. 

Tritium  bearing  weapons. 

TRITIU^^  OXIDE 

TYPE' 

COMPOUriD 

OF  DECAY 

I'lU^^IFE  . 

PROTERTIES/USES 

Tritium 

0 

-  Oxide 

12.3  years 

1. 

In  equilibrium  in  replace- 

ment reactions. 
♦    •  * 

'  HTO;  T^O 

Example : 

H^O    +    Tg  ?±  HTO    +  HT 

2. 

Miore  easily*  absorbed  in  the 

body  than  T^. 

1^7 
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Hazards.    Tritium  gas,  or  vapor,  quickly  disperses  into  the 
atmosphere  and  adsorbs  strongly  onto  many  surfaces  or  even 
penetrates  deeply  into  many  construction  materials  from 
which  out gassing  may  occur  later.    Complete  penetration  of 
rubber  hoses  and  thin  plastics  can  occiir  in  a  few  hours. 
Substantial  non-volatile  transfer  of  tritium  from  con-  ' 
taminated  surfaces  to  skin  by  direct  contact  has  been 
demonstrated.     Since  tritium  radioactivity  on  the  contami-' 
na€ed  surfaces  is  not  necessarily  detectable  by  gas-flow 
monito]ring  methods,,  this  route  of  entry  of  tritium  into 
body  tissue  must  be  considered  an  unrecognized,  potential 
hazard,  wher^  the -harKiling  of  surfaces  exposed  to  high 
levels  of  tritium  is  concerned.    The  possibility  of  contact- 
transferred  tritium  in  skin,  its  chemical  form  and  location 
within  the  skin,  ^d  the  exact  radioactivity  content  of  the 
contaminated  surfaces  are  particular  problems. 

The  radiation  hazard  to  personnel  from  an  accidental  re- 
lease of  tritium  gas  increases  with  time  because  of  the 
conversion  of  tritium  to  tritium  oxide.    The  latter  is 
much  more'  rapidly  absorbed  by  the  body  because  of  its 
greater  solubility.    Tritium  gas  is  absorbed  equally  through 
the  lungs  and  skirv  after  which  ^T  atomic  replacement  6f  the 

^  atom  in  H^O  will  take  place.     In  addition,  THO  )r  T^O  can 

be  inhaled  or  absorbed  thirough  the  skin.    Cons e que rjj:ly,  the 
tritium  hazard  is  to  the  whole  body,  with  the  body  fluid 
(waterj  the  critical  item.    Above  normal  quantities  of 
liquids  during  the  first  10  hours  after  an  exposure  sjiould 
not  be  consumed  unles^s  prescribed  by  a  physician.       ,  . 

The  main  hazard  of  tritiuifi  is  that  ii  is  extremely  difficult 
to  detect  and  therefore  may  be  present  In  an  area  without 
the  knowledge  of  the  personnel  preserjt. 
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TABI£  II 


EI£MENT 
.OR  CCWPOUND 


Tritim 


> 


Trititfin 
Oxide 


CRmCAL 
ORGAN 


Whole 
body 


Whole 
body 


SPECIAL  HAZARDS 
TRIjpUM  . 


SAMPrS 
OF  CHOICE 


Urine 


Urine 


BIOLOGICAL 
HALF-LIFE 


12  days 


12  days 


SPECIAL 
HAZARDS 


1.  Difficult  -to 
detect. 

2.  Diffusion  through 

,  and  into  materials. 


Skin  contact  trans- 
fer. 

Hydrogen  isotope 
explosive.  * 

Outgassing 


1,  Readily  absorbed 
into  the  body, 

2,  Difficult  to 
detect. 


(f)    Protective  Measures,    The  hazardous  effects  of  tritium  can 
be  minimised  .by  aeration  of  a  confined  space  or,  flushi'ng 
the  area  under  vacuum  with  heliiim  or  hydrogen  if  necessary 
(control  of  explosive  hazard  is  required  however).  The 
Savannah  River  Plant  of  the  E.  I.  du  Pont  de  Nemours  and  Cq., 
which  uses  large  amount^  of't^ritium,  makes  extensive  use  of 
walk- in  hood  facilities  to  minimize  the  potential  hazards'- 
of  tritium.    Buildings  in  which  large  numbers  of  tritium 
bearing  devices  are  stored  should  have  adequate  ventilation 
to  prevent  a  tritium  buildup  in  base  the  devices  leak.  Since 
T2  goes  through  filter  masks,  breathing  apparatus  with  l^elf,. 
contained  air  supplies  are  required  to  reduce  the  exposure 
dose.    Rubber  and  plastic  gloves  with  air  supplied  suits  will 
further  reduce  the  exposure  dose.    Even  in  this  case,  the 
e^quipment  should  be  replaced  every  30  minutes  because  of 
•the  T2  penetration  of  rubber  hoses,  etc.. 
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(g)  .  Decontamination.         ,  .  " 

Tritim  diffuses  very  quickly  and  unless  released  in  a 
closed  area  will  present  little  or  no  hazard.    If  an 
enclosed  area  'is  capable  of  being  .flushed  with  air,  then 
it  is  possible  to  reduce  the  hazard  and /occupy  the  building^ 
after 'the  3t  has  been  flushed  out.    ObjA^ts  dn  the  area 
exposed  to  tritium  may  absorb  the  gas  and  should  therefore  . 
'    be  disposed  of  as  radioactive  waste.    If  the  material  is 
needed,  degassing  under  a  vacuum  by  .flushing  with  helium 
or  hydrogen  may  be  done.    However,  the  certainty  of  complete 
decontamination  to  a  safe^ level  is  low. 


(2)  Uraniimi. 
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(a)  General.    All  nuclear  weapons  contain  a  certain  amount  of 
fi3sionable  material,  either  uranium  or  piutoni\lra  or  both^ 
Nuclear  accident/incident  control  personnel  as  well  as 
radiological  protection  officers  are  concerned  with  the  • 
special  hazards  a^ssociated  with  tiranium.  ,r 

(b)  rhsbracteristics.    Uranium-233  is  an  alpha  (U.8  Mev)  and 
gamma  (0.O97  MevO  emitter.    Uranium-23U  is  an  alpha  (-^U.S 
Mev)  emitter.    Uranium-235  is  an  alpha  (~if.6^Mev)  and  gamma 
(0.18  Mev)  emitter,  and  Uranium-238  is  an  alpHa  (-^1^.2  Mev) 
emitter. 

Uranium  metal  reacts  readily  with  oxygen  in  the  air  to 
produce  small  particles  of  insoluble  oxide  which  can  become 
airborne  under  proper  conditions. 

The  permissible  levels  for  soluble  compounds  and  the  level 
for  insoluble  compounds  in  air  are  based  on. chemical 
toxicity,  whlile  the  permissible  body  level  for  in^soluble 
compounds  is  based  on  radiotoxicity. 

The  high  chemical  toxicity  of  uranium  and  its  salts  is 
largely  shown  in  kidney  damage,,  and  acute  necrotic  arterial 
lesions.    The  rapid  passage  of  soluble  uranium  compounds 
throiigh  the  body  ^  tends  to  allow  relatively  large  isaiounts 
to  be  taken  in.    The  highly  toxic  effect  of  insoluble  qom- 
pounds  is  largely  due  to  lung  irra'diation  by  inhaled  parti- 
cles.   Because  of  their  small  solubility,  absorption  of  the  , 
oxide  by  the' gastrointestinal  system  is  veiy  low.  pene- 
tratioh  of  the  unbroken  skin  is  impossible  and  although 
the  material  mAy  ent^  where  the  *skin  is  ^broken,  ^  it  will 
be  localized  at'  the  point  of  access.    It  may  be  cleansed 
away,  even  a,t  some  later  time,  without  appreciable  transfer 
in  the  bloodstream  or  other  body  tissues  having  occurred 
because  of  low  solubility, 

130 

129 


.A 


Uses.    As  previously  stated,  uranium  is  found  in  some 
nuclear  weapons.    It  has  also  been  used  on  source  check 
plates  for  laboratory  and  field  use. 

Special  Haxards.'    The  primary  special  hazards  presented 
by  jiranium  are  the  high  chemical  toxicity  of  its  sollible 
compounds  and  its  alpha  irradiation  of  lung  tissues  if 
"airborne  particles  are  inhaled. 

Other  hazards'  include  entrance  of  particles  of  uranium 
through  the  broken  skin;  ingestion  of  insoluble  uranim 
or  uranium  compounds  which  emit  alpha  particles  to  cause 
damage  to  the  intestines;  and,  a  fire  hazard  resulting 
if  solid  or  dust  forms  of  ur.anium  metal  are  exposed  to 
intense  heW  or  flame. 
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TARLF  TTT 

URANIUM  ' 

ELEMENT 
OR  COMPOUND  / 

.  TYPE 
OF  DECAY 

RADIO 
HALF-iilFE 

PROPEi^TIES/ySES 

233„  . 

0^^.8  Mev 
0.1  Mev 

1.62  X  i05 

1.    Metal  readily  resects  with 
oxygen  in  the-  air  to  gfve 
an  oxide. 

Mev 

.  2A7  X  lo5 
years 

2,    Constituent  of-  some 
weapons » 

235u  , 

Mev 
rOaS  Mev 

7.1  X  10^ 
years 

*.238„ 

o 

Mev 

V           X  109 
years 
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"ESPECIAL  HAZARDS 


ELEMENT 

CRItlCAL 
-  ORGAN 

SAMPLE 
OF  CHOICE 

BIOLOGICAL 
HALF-LIFE 

1 

SPECIAL  HAZARDS 

Uraniuxn 

1  _ 

Kidney 
Lungs 

Urine 
—  1 

120  days 

4 

1*    Soluble  com- 

'pounds  have  high 
chemical  toxicity. 

2.    Insoluble  com- 
pounds irradiate 
intestines... 

3*    Fire  hazard  - 
metal. 

132  -  ' 
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"  .  (e)    Protective  Measures.    ,Respiratory  protection  ntust  be*  pro- 
-    vided'  to  .personnel  wbo  are  likely  to  enter  an  airborne 
concentration  of  uranium  compounds  which  exceeds  maximum 
permissible  standards  as  established  by  Title  10,^Part  20-, 
-      CFR.    Gloves  should  be  used  by.  personnel  who  handle  uranium  ^ 
-sources, Especially  if  open  wounds  are  susceptible  to  con- 
tamination. 

(f)     Decontamination.    Xhe  reader  is  referred  to  TM  3-220  for  • 
•  "  deaontamination  considerations  for  uranium.    The  general 
-    '         ,    discussion  for  preplanning' actions  to  be  taken  in  the  event 
.of  an-  accident  as  applied  to  radium  are  applicable  also  to 
urajiium.  '  ^  -  ,  • 

(3)  Plutonium. 

(a)  Gerteral.    Plut9nium  was  the  first  of  the  man-made  elements 
to  be  produced*  in  large  enough  aiiounts  to  be  visible.  It 
has  15  llnown  isotopes  ranging  in  atomic  weight  from  232  to 

'  '  *  2k6  and  all  isotopes,  are  radioactive.  Plutonium-239  is  the 
most  commonly  used  material.  It  can  be  formed ^in  a  nuclear 
reactor  from  natural  uranium  according  to  the ^formula  * 

/■      :239u   ^    In     .  239u.  -Ll^  -23%^   P  239PU 
'       .     92         o   ^  .  92  93      2735?  9^ 

(b)  Characteristics,    Plutorrium-239  is  primarily  an  alpha 
emitter,  giving  off  a  very  high  energy  alpha  jJarticle  of 

■      about  5,2;Mev.    A  loy  energy   (o.05  Mev)  ^amnia  photon  is 

emitted  0.02^  of    the  time.    It  has  a  halfr-llfe  of  2.^^  x  10 
years,  '  *  ',.  »  • 

f>lutonium  is  a' highly  r'  .ctiye  metal.    It-readily  combines 
'^with  the  oxygen' of  or-di  ary  humid  iir  to  form  a  finely 

powdered  oxide.    .Increasing  temperatures  increase  the 
.  oxidation  rate.  ,  It  is  readily  dissolved  in  concentrated 

hydrochloric,  hydroiodic,  and  psrciilprie  acids. 

'     (c)     Uses,    Thfe  first  at-mic  "Oomb,  exploded  in  the  desert  6o 

miles  from  Alamogordo,  New  Mexico^  on  July  l6,  19*^5,  con- 
tained Plutonium,    Sixteen  months  later,  it  was  first  used 
'  in  the  Clementine  nuclear  reactori'  'Since  that  time  it  has 

found  ever  'increasing  uses  in  reactor' fuels.    It , has  provided 
.a  long  lived  and  stable  neutron  source.    It  can  ^Iso  be 
■,     used  to  pr.oduce  transplutonium  elements  by  ii;radiation  in 
-  the  intense  flux  of  a  reactor.    The  most  common  use  en- 
countered by  radiological  protection  officers  is  in  cali-  ;, 
.     "    "     bration- and/or  check  sources  such  as  tjae  M/UDM-b  and  the  • 
TS-123Q(  ).  " 
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(d)     Special  Hazards.    The  permissive  levels'i'or  plutonium 

are  the  lowest  for  any  of  the  Radioactive  e;Lements.  Plu- 
tonium concentrates  directly  in  the  blood-  forming  sections  . 

,  ,       of  the  bone  J^ather  than  in  the  more  uniform  distribution 

shown  by  oth^r  heavy  elements,  such  as  radium.    A  principal 
hazard^  is  associated  with  the  inhalation  of  plutonium  com- 
pDunds  and  subsequent  irradiation  of  the,,  lungs. 

The  ingestioa  hazard  of  the  oxide  is  minimal  due  to  its 
low  solubility,  but  entry  of  the  powdered  oxide , through 
cuts  or  skin  abrasions  is  a  severe  ^hazard. 

Plutonium  metal  has  been  known  to  hjxrn  spontaneously  in 
atmospheres  with  more  than  normal  <?oncetrations  of  oxygen 
and  when  caning  into  contact  with  petroleum,  products. 


TABLE  IV 
PIOTONIUM 


ELEMENT 
OR  COMPOUND 

»  TypE 

OF  DECAY 

RADIO 
HALF-LIFE 

PR  OPER  TIES  /  USES 

Plutoniwi 
Pu 

Mev 
7M).05  Mev 

2X  X  10^  yr 

•1.    Metal  reacts  readily  with  , 
oxygen  in  air  to  give  oxide.  , 

2.  Found  in  sane  weapons.- 

3.  Used  in  AN/UIM-6  Calibrator. 

ELEMENT 
.  OR  COMPOUND 

CRITICAL 
ORGAN 

SPECIAL  Hi^ZARDS 

SAMPLE 
OF  CHOICE 

EEOIOGICAL 
HALF-LIFE 

SPECIAL  HAZARDS 

Plutonium 

> 

Bone 
(sol) 

Lung 

(insol)-  ' 
• 

Urirfe 

200  years 

1.    Concentrates  direc- 
tly in  blood  form- 
ing section  of  the 
bone.           r  • 

-2.  ^  Severe  hazard  if  ' 
entry  through 
broken  skin. 

3**  Fire  hazard  -  metal. 
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'    (e)  '  Protective  Measures^    Because  of 'the  severely- toxic  natxire' 
of  plutoriium,  the  maximum  permissible  body  burdens  are 
•  set  very  low  and  correspondingly,  the  maximum  permissible  ^« 
concenti-ations  are  set  equally  low.    Strict  control  of 
'  ,  radioactive  contamination  is  imperative  in  a  plutonium 

»   operation.    Cleanliness  of  the  work  area^  protective 
clothing  and  re^iration  are  required  when  working  with 
loose  Plutonium.    Check  soiirces  or  calibration  plates  must 
^be  handled  with  extreme  caution- to  avoid  flaking  or  scratch--  ^ 
4ng  the  surface.    Wipe  tests  must  be  performed  periodically 
and  hauling  tools  or  gloves  should  be  useci  when  transporting 
a  soiiTce, 

(f)     Decontamination.    The  reader  is  referred  to  TM  3-220  for 
*    decontamination  procedures  and  techniques.    In  addition  to 
the  procedures  listed  therein,  as  a  last  resort,  plutonium 
may  be  removed  from  the  skin  using  a  potassium  pe^rmanganate 
(6. if  gm/lOO  ml)  and  1^  sulfuric  acid  solution  '(0.2N), 
followed  by  brushing  (not  longer  than.  2  minutes),  rinsing, 
"  and  rewashing  with  5^ sodium  abid  sulfite  solution  (lO  gm 
Na  1^03/200  ml  H2O)  (not  longer  than  2  minutes).    The  pro- 
pedure  may  be  repeated  .several  times  as  long. as  the  2 
minute  maximum  washing  time  in  each  step  is  observed. 

(4)     Strontium-90  -  Yttrium-90- 

(a)  General.    Use  of  ^^v^^^  is  becoming  more  cqmmon'as  attempts 
have  been" made  to  produce  portable  calibration  devices  that 
require  le^s  and  li^h^er  shielding  than  conventional  gamma 

<  radiation  sources..   'A^i  example  is  the  Army^s  TS-JSUA/PD 

Radiac  Calibrator. 

(b)  Characteristics.    Strontium-90  is  a  pale  yellow,  soft  metal 
found  ih  equilibrium ^with  its  daughter  product,  Yttrium-90. 
A  sourcte  of  pure' 9pSr  - will  reach  an  equilibrium  with  its 
daughter/  90y^  in  abdut  l^^.days  and  thereafter,  the  quantity 
of  Yttrium/ measured  in  curies,  will  be  the  same  as  the 
quantit^of  strontium  ,and  Will  follow  it&  decay.  ' 

Strontium-90  emits  beta  radiation  of  about  0.55  Mev.    Its  \ 
half-life  is\27.7  years.    Yttri\am-90.  emits  beta  radiation  of 
about  ,2.27  MeV^-lts  half-li^e  is  6h  hours. 


\ 


(c)    Uses.    As  calibration  sources,  902^.90^  ^^^^  (particulate) 
fadiations  interact  with  various  shielding  materials  to 
produce  bremss trahlung  (energy)  radiation  :or  calibration 
of  gaiTuna  detecting/measuring  radiac  meters. 


(d)  Special  Hazards.    These  isotopes  are  among  the  most  hazard- 
•  ous  handled  in  laboratory  and  plant  operations.  Strontium- 

90  Is  a  bone  seeker.    It  will  replace  the  calcium  in  the  « 
bone  and  act  as  a  source  of  int-erual  radiation  to  the  blood 
formino;  tissues. 

Strontiuin^and  Yttrium  present' a  moderate  fire  hazard  in  the 
form  of  dust  when  exposed  to  flame.    Strontium-90  metal 
is  highly  dangerous  if  it  comes  into  co'^tact  ^//.i-th  water  or 
steam.    Like  sod:^  metal,  it  will  release  heat  and  hydrogen 
gas  and  ma,v  caus^an  explosion. 

(e)  Protective  Measiires.   ^Workers  using  Sr-Y  sources  must  be 
cautioned  on  the  special  hazards  of  the  material  with- which 
they  are  working.    Working  areas  must  be  clean,  and  free-  of 
oxidizing  or  caustic  agents  which  could  possibly  be  trans- 
ferred to  contact  the  source.    Immersion  and  other  wet 

or  smear  techniques  are  preferred  for  metallic  or  chloride 
sources.    Gloves  and  protective  eye  goggles  or^ glasses  should 
be  worn  to  protect  the  hands  and  eyes  from  possible  damage 
due  to  the  caustic  nature  of  strontium  oxides^  and  hydroxides. 
The. goggles  or  glasses  will  also  provide/retinal  protection 
from  the  high  energy  beta  particles  released  by  Yttrium-90. 

(f)  Decontamination.    The  reader  is    referred  to. TM  3-220  for 
decontamination  techniques  and  procedures.    The  general 
preplanning  techniques  dispussed  previously  for  radium 
slrjould  be  applied  also  t6  strontium-yttrium  sources. 


(5)^  Poloniiam. 


Polonium  is  another  metal  coming  into  more  use -as  a  radiation 
source  in  the  isotopic  fdrm  Polonium-210. 

(a)      Characteristics  and  Hazards.    Polonium-210  is  an  alpha  • 
(5.3  Mev)  and  gamma  (0.8O  Mev)  emitter.    Polonium ^ salts 
which  are  soluble  will  concentrate  in  the  spleen  if  the 
source  enters  the  body.    Insoluble  salts  are  sources 'of 
alpha  radiation  to  the  lungs  and  the  ihtestinal  tract  if» 
*  inhaled  or  ingested.    Extreme  care  must  be  taken  to  contain 
this  material  because  it  may  become  airborne  or  be  ingested 
very  rapidly.    The  primary  special  hazard  presented  by 

t         Poronium-210  is  that  it  i^  difficult'  to  handle  without  con- 
taminating surrounding  .areas. 
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Protective  Measures.    EX'cVenie.  caution  nust  be  used  vh^ 
'  nkndlin^'  this  matel^iai.  ^The  high:  energy  of  the  alpha 
pa^:icle  emi-.ved  by  ^^^o  T;akes  it  as  hazardous  as'plu- 
tonium  as  an  alpha  emitter .    In  addition  to  the  precautions 
*  taken  when  using  plutbnium    user&  of  polonium  should* con- 
sider  tne  use  of  e^love  boxes  or  similar  dev^ices  to  assure 
the  containment  oT  the  source.         '        .     •  ;  ). 

(c)     Decontamination.    The  general  principles  of  decontamina- 
tion should  be  applied  to  ^-^^o  decontamination.  Circu- 
lating air  systems  are  of  particular  concern*  in  preveajiing 
the" spread  of  the  contaminant.  ' 


(6)  Cesium. 


(a)     General.  -  Because  Ce3iuin-137  is  not  a  bone  seeker  and  has 
a  v^ry  long  half -life  (30  years),  it  has  been  used  as  a 
replacement  for  shorter  lived  Cobalt-60  or  hazardous  - 
^adium-226.     (An  example  is  the  AN/UDM-U\  Radiao^alibra- 
tor    a  ^7cs  source,  which  has  replaced  .the  M/UDM-l  Radiac 
Calibrator,  a.  ^Co  source.)  .  ■  ^ 

'(b)     Cesimn-137  is  a  bet^- emitter'(0,.51-Mev-(93.5^)  ani  1.2  Uev 

{6.3io)  in  equilibrium  vith  its  daughter  Barium-137ra,  a  gamma 
emitter  (0-.66  Mev)).    Cesium- 137  spurcps  are  usually  pro- 
duced from  powdered  cesium  sulphate  and  then  used  in  sealed 
containers.    Other  salts  of  cesium  have  been  used, in  the 
past,  however,  and  the  stability  of  the  source  must  be 
carefully*  evaluated  before  use.    Cesi.iim  chlorates  and  bro- 
'•      mates  can  decompose  with: evaluation  of  oxygeh  producing  an 
*^  eruptl^  hazard.  '  Cesium  chloride  and  bromide  are  hygro-o 
scopic  Gafis.    A  leaking  source  could  produce  widespread  - 
cdntaiiination  .because  of  this  .property ,    CesSpmetal  can 
ignite  spontaneously '  (as  sodium)  on  contact  wifTNiiat^ 

Protective  Measures.  .Users  of. '^37cs  should  knoV>hat  salt 
of  cesium  is  corffealnei  in  t*hei^  sources.    Plans  of'^use, 
,   "  leak  testing,  etci ,  should  be'made  so  ^s  to  reduce  the 
hazardous  potential ^of  the  source  involved. 

(d)    Decontamination.    The  reader  is  referred  to  TM  3-220  for 
specif ic/decontaminatiqn  techniques  and  procedures., 
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.Other  Commonly  Used  Radionuclide's* 

*  »         •  * 
''a)   ArtifiQial  isotope  lodine-lSl  is  used  widely  in  medical 

circles  for  diagnostic  and  therapeutic  purposes  because 
the  element  is  concentrated  by  the  body  in  the  thyroid 
gland.    Because  of  the  relative  smallness  of  this,  organ, 
the  'permissible  body  level  is  quite  low.  Frequently 
there' is  a,  tendency  by  dofctor*s  to  overdose.    This  ten-' 
dency  must  be  avoided  whenever  possible. 

(b)^  Cobalt-60  is  more  likely  an  external  than  an -internal 
*  hazard.    Metallic  Cobalt-60  i3  commonly  used  in  sealed 
gamma  sources.    Many. sealed  sources  leak  as  a  result  of  ' 
electrolytic  action  between  cobalt  and 'the  container. 
The  result  is  often  a  soluble  cobalt  salt  whioh  creeps" 
and  spreads.    Frequent  leak  testing  of ^capsules  containing 
metallic  cobalt  is  desirable.    Specific  decontamination 
procedures  and  technii^es'  ar^e  discussed  in  m  3-220. 

*  ^  O  V 

Commonly  Used  Non-radionuelides . 

(a)    General.   'Because  of  their  nuclear  properties^^  beryllium 
.    and  lead  are  often  used  in  conjunction  with  radibiluclides. 
These  mat^ials  are  so"  commonlyr  used  that  their  irtrinsic 
hazards  are  often  neglected.    The  emphasis  placed  on  radia- 
tion protection  associated  with  the  use  of  the  radionuclide 
increases  the  possibility  of  neglect.    Radiological  pro- 
tection officers  should  establish  and  enforce  safety  pro- 
cedures ^to  reduce  the  hazards  presented  by  beryllium  and 
lead . 

(b.)    Beryllium.         a  pure  metal  or  par?,  of  ,a*  compound,  beryl- 
liufti  is  toxiq.    It  may  cause  death  or  permanent  injury 
after  very  shor^  exposures  to  small'  quantities  when' taken 
into  !the  bipdy -by  inhalation  or  ingestion.    lnhaLs':ion  is 
the  most  significant  meane^  of  entry  .into  the  body. 
*    Berylli^  can  cause  berylliosus  whjch  is  a  respiratory 

^       disease^ similar  to  pneumonia.  ^ 

(c)    Lead,  ^and  Lead  Compounds.    Pure  lead  and  m'-st  of  its  com- 
poun'is  are  .toxic'  Lead  concentrated  in  the  kidneys  and    -  * 
'  ^^-bQne  where  it  is  liberated  jnto  the  bloodstream  cau:;ing 

anemia.    Lead  poisoning  is  one  of  the  most  comriton  of 
,     >o2Cupational, diseases.    The  lead  must  enter  the  body  or 
'     ^  tissues,  otherwis^e,  no  exposure  can  be  said  to  e^Lst. 
Moles  of  entry  are; 
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1.  By  inhalation  of  dusts,  fumes,  mists,  and^vaporfi. 

2.  By  ingestion  of  lead  compoxinds  trapped  in  upper 
respiratory  tract  or  introduced  into  the  mouth  on 
food,  tobacco,  fingers,  or  other  objects. 

3.  Through  the  sKin  -  in  the  case^of  organic  lead  com- 
poxinds. 

Large  percentages  of  lead  entering  the  tsody  by  ingestion 
are  excreted  and  for  this  reason,  large  amounts  and  long 
exposure  .^e  necessary  to  cause  poisoning  by  this  route,  ^ 
On  the  ot'her  hand,  when  lead  is  inhaled,  absorption  takes 
place  easily  and  symptoms  develop  more  quickly.' 

Lead  is  a  cumulative  poison.    Increasing  amounts  build  up 
in  the  body  and  eventually  a  point  is  -reached  vte  re  symptoms 
and  disability  occur.  ^ 

Lead  carbonate,  monoxide,  and  sulphate  are  considered  the 
more  hazardous  compounds  and  alsio  niore  toxic  than  lead 
metal,  \  "  • 

In  any  case,  inhalation  of  vapor,  fumes,  and  dusts  presents 
the 'most  serious  hazard  -  whether  metal  or  compound  is  en-  " 
countered , 


.  TABLE  V 
OTHER^SEECIAL  HAZARD  MATERIALS 


ELEMENT 
OR  COMPOUND 

TYPE 

'  RADIO 
nALr-LIF  E 

CRITICAL 
ORGAN 

1  BIOLOGICAI 
HALF-LIFE 

HAZARDS 

Strontium- 90 

30.55 

Mev  . 

Bone 

52  years 

j  ^Replaces -calcium 
\  in  the  bone. 

V 

■r 

1 1 

1  *  9 

Fire  hazard. 

Reacts  with  water. 
1  *• 

lttriUm-90 

* 

02.27 
Mev 

6U  hr  . 

# 

1 

Insoluble  compounds ^ 

wiir  irradiate  lungs. 
1  f 

1  In  e.quiiibrium  with  * 
1      or . 

Fo2onium-23.0 

Mev  » 
70. 8 
Mev 



'138  days 

Spleen 

60  days 

Alpha  emitter. 

\  r 

Difficult  to  handle  . 
wiTinou,t  contamina- 
tion. 

Ce§hin-137  *  , 
•^Chl^ride 

30'.  51 
M^y, 
.ro.7 
Mev 

♦ 

30  yrs 

Whole 
body , 
. (sol) 

'  '  1 

'  70  days 

Metal  reacts  vio- 
lently with. water.  * 

Soluble  salts^  hyjgro- 

o^up^L.  ctilu.  eaSjj4'y 

Qisperseci, 

»j       *  * 

.Iodine-  13i 

pot  61 

Mev 
Mev/ 

8  days 

Thyroid 

'138^days  J 
*         •  *  1 

Overdos  e. 

Beryllium 

V 

None 
»   »  »■ 

liUngs  J 

4   •»  1 

Toxic,  metal.     **   '  . 

^'Lea'd  e:^d 
'  Cdmpounds 

f 

None  * 

Bone'  •  r  J 

_  Iv 

s  f 
*     «     *  '  1 

Severe  inhalation 
hazard.'.  Chemically 
tcixic  to  th*e  body. 

0  « 

*  1* 

v-"       •   L  . 

d.    'Medic-al  Aspects  of  Special  Hazard  Materials, 
Evaluation  of  Internal  Exposure. 

personnel  are  suspected  of  having  been^exposed  internally 
to  .special  hazard  matei^ials,  confirmation  and  ^n  evaluation  of 
dose  received  are  required.  Because  the  characteristics  of 
special  hazard  materials  vary,  and  "because  they  concentrate  in 
specific  critical  organs  of  t;he  body,  the  techniques  of  deter-, 
mining  exposure  vary.  Table  VI  below  indicates 'the  sa-mple  of 
choice  for  determining  internal  exposure.  '  • 

'      .   '  Table-VI 

Si^MPIiE  DETERICNATION  OF  INTERNAL  EXPOSURE 


ISOTOPE 

3h;  HTO 
1 


SAMPLE  OF  CHOICE 


Urane 


REMARKS 


Radium, 


Radon 


Thoron 


Uranium 


Plutonium 


Sr-Y 


Palonium 


.Feces 

Breath  and  Urine 
Breath  and  Urine 
Urine  ^  \^ 

Urine  and  Feces 


Urine 


Urine 


Collect  6s ^  pooled 
2U  hour,  samples; 
,  save  feces  for  3-5 
days. 

Preserve  urine  with 
1  mg/ml  sulfonic 
acid;  store  at  3^0; 
at  least  100  ml  needed. 


Should  leakage  and  ingestion  occur,  the  body  dose  cannot  be 
calculated  by  simply  integrating  the  dose  rate  from  the  initial 
dose  over  a  convenient* pdriod,  since  some  or  alU  of  the  element 
or  compound  in  question  will  have  been  removed  from  the  body  by 
execretion  before  it  could  'decay. 
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In  order  to  take  this  into  account, , a  modified  tl  is  introduced 
T^is  is  the. effective  half-life  (t^)  and  is  connlcted  witfi  the  ' 
physical  half-life  (i  e.,  ti  by  radioactive  decay  only)  and  the 
biological  half-life  (i.e. .^half-life  by  excretion  alone)  by  the 
expression 


tj^  efl 

2 


where 


-1  p)^y 


bio 

2( 


ti^  eff  is  ^he  effective  half-l-?f^e 

tl  »phy  is  the  physical  half-^life,  and 

tl  bio  is  the  biological,  half-life. 

This -formula  is  applicable  to  aU  ingested  sources.   Table  VU 
gives  useful  data  for  possible  accidental  exposure  or  contamina-'- 
tion  to  the  special  hazard  materials  previously  discussed.  The' 
taole^  combines  informatipn  from  Table  I  of  NBS  Handbook  69  and 
Table  XII  of  Report  of  Committee  II,  International  Commdssion 
on  Radiological  Protection  on  Permissible  Dose  for  Int^nal 
Radiation.  (1959  revision)  and 'is  extracted  in  par^  from  Table 

18.82  of  NR€  Handbpok,  Medical  Aspects  of  Radiation  Accidents. 

<  *■  ^ 

■  .Table  VU  ' 


4 

^RADIONUCIxTDES.  TfiAT  MAY  BE  ENCOUpERED'  ON  ACCIDENTS 


RADIONUCLIDE 
AND  TYPE  OF 
DECAY  , 


OJRGAN  pF  I  MAXIMUM  PER- 
REFERElsrCEl  MESSIBLS  BODY 
"BURDEJrS  (pci) 


%,  H^O',  TgO 
O*).  (sol) 


60. 

<sol) 


:ol) 
(insol) 


Body  Tis- 
sue 
,  Total 
Body 

GI(LLI)^ 
-Total 
Body  ' 

Lung 
GI(LLI) 


io3 


2  X,  10^ 
(1005^J^ 


10. 


' PHYSICAL 
HALF-LIFE 
'(tl  phy) 
' (days) 


i^:5  X  lo3 


1.9  X  10^ 


BIOLOGICAL 
HALF-KEFE 
(tl  bio) 
(days) 


12  • 
l8/2l^ 


EFFECTIVE 
HALF-LIFE 
(tl  eff) 
(days) 


12 


9.5 
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JTable  VII  (cont) 


RADIONUCLIDE 
AND  TYPE 
OF  DECAY; 

ORGAN  OF 
REFERENCE 

XAi^mM  PER- 
MISSIBLE BODY' 

BURDENS  (^ci) 
% 

PHYSICAL  , 
HALF-LIFE 
(ti  phy). 
(days)  ■ 

BIOLOGICAL 
HALF-LIFE 
. (ti  bio), 
(dlys) 

EFFECTIVE 
HALF-LIFE 
(tx  eff) 
(dlys) 

(sol)  ' 

Bone 
Total 
Body    '  ^ 

2--(95^) 
20 

10 

1.8  X  10 

5,700 

(insol) 

Lung 
GT(LLI) 

orv 

90y  ^  -A 
(sol) 

GI<LLI) 
Bone 
Total 
Baiy, 

^3 
20 

2. ."68 

l8/2i* 

2.68 

(insol) 

Gl(tLl) 
Lung 

%  ^-,/,e-) 
(sol) 

Thyraid 
Total ' 
Body 

O-.7  (20^) 
50 

8 

138 

7.6 

"  (inso-L) 

GI(LLI)  • 
Lung 

*  * 

■  55 
.  (sol) 

}^  - 

Body 
•Liver 

Spleen 

Muscle 

Bone 
j  Kid»ey 
liLung 

(100^) 

liO 
50 
50 

ibo 

100 

300 

1.1  X  10^  * 

70 

70 , 

138 
138  ' 

.Cinsol) 

Lung 
GI(LLI) 

210po(.) 
(sol)  ' 

1  Spleen 
Kidney 
iiver 
Total 

Body  - 
Bone 

0.03  m) 

o.oi* 

0.1     ■  ' 
O.ii 

0.5 

138.  ii 

60 

^  -  ( tnsoL) 

Lung 
GI(LLI) 

•> 
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-    TABLE  VU  (CONT) 

» 

RtolONUCLIDE      ORGAN  OF    I4AXIMUM  PER-  PHYSICAL 
AND  TYPE  REFERfNCE  msSIBLE  BODY  HALF-UFE 

OF  DECAY  BURDENS  (uci)     (tL  phy)  " 

'  (days) 


86 
(sol) 


233u  (c/,  .) 
92  . 


, (insol) 

233u 
92 

(sol) 
(insol) 


,'92 
(sol) 


(insol) 


92 

(sol) 


(insol)  , 

(sol) 
(insol) 


•  Bone 

0.1 

Total 

Body 

0.2 

'gi(lli) 

GI(LLI) 

- 

Bone 

o.a5 

Kidney 

0.08 

Total 

Body 

Lung 

GI(LLI') 

gi(lli) 

*  Kidney 

0.03 

Bone  , 

o.o6 

Total 

o.U 

Body 

Lung ' 

^(gi(lli) 

GI(LLI)  ^' 

Kidney 

5  XI 

Bond 

o.o6 

Total  " 

Body 

0.5 

Lung 
(GI(LLI) 

Bone (99?^)  O.OU 
Liver 

, Kidney  '  &.5 
Total 

Body  O.U 

Lung 
Gl'(LLI) 


5.9  X  ,10'^ 


2.6  X  10^^ 


1.7  X  10 


,12 


BIOLOGICAL 
HALF-LIFE  . 
(ti  bio)  ' 
(diys) 


*5.9  x' lo5  ii5 


120 


120. 


8.9  x;io^ 


120 


7.3  x'lO^ 


EFFECTIVE 
HALF^LIFE 
(ti  e'ff) 
(dlys) 


1.6  X  10' 
^900 

300 
100 


^300 
100 


300 

100 


-6. If  x;iQ^ 


*(^)  indicates  the  percentage  in" critical  6rgan  of  thtat  in  the  total  body.  ' 
^    GI(LLI)  Indicates*  gastrointestinal  tract,  lower  large  intestine 
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( 2)    Treatment . 


Treatment  for  internal  exposure  should      under  the  supervision 
and  direction  of  a  physician.    The  radiological  protection 
-  -'officer  should  supervise  decontamination  of  the  in(iividUal(s)  ^ 

concerned  before  leaving  the  work  area  and,  notify  the  physician" 
o'f  the  type  of  material  end  suspected  mode^of  entry  into  the 

body.  , 

■%     *  .  '  * 

Student  Performance  Objectives  of  this  Lesson.    -   /  , 

A.  Gi/en  a  li^  of  commonly  used  radiation  sodrces  and  iiems  cpntaining 
radioactive  isotopes,  state  the^spejcial  hazards' associated  .with-* each 
source/item,  without  .error.    *  .  ^  *   '  . 

b/    Given  a  list  of  commonly  used  radionucMdes  presenting*' specif  ; 
hazards,  explain  the  methods  of  protecting  radiation  Vorkers  from 
.the  hazards  presented,  without,  error.    -  *  '   .\  » 

C.  With  references  and^'a  radionuclide 'preseuting  a  special  ^hazard,  list 
.        the  special  procedures'  fpr  dec^dntamination  as^  prescribed  in  TM  3-200 

L&boratory  Exercise  or  Handouts:    r^one  "  .  . 

Problems  and  Solutions:    None         c  ^       '  ■  ^  ^,  ^  , 

References:      .  •  ^ 

\  ,    '     .  '  '   \        *  /     '  , 

A.  pA  Pamphlet  39-3.,  The  Effects  of  Nuclear  Weapons,  DA,^  Ap'^r  62/  • 

TO  ^ 

B.  Medical  Aspects  of  Radiation  -  a  handbook  for  physicians,  health 
ph^^^icists  and^  industrial  hygienists,  Eugene  L.  *Saenger,  Editor, 

^  NRC,  1963*  ;      /     '  .  '      '  .  ^ 

,C.'   TO  3-220,  Chemical,  Biological,  Tftadiological  (CBa)  DecQnttoifiation, 
^   DA,^  Nov  67.  -      '  ,  "       .  *  '    .  ' 

D.  ^    TB  75O-23T,  Identification  and  Handling  of Radioactive  Iten^  in  the 

Army  Supply  System,  DA,  Feb  JO. 

^Uangerous  Properties  , of  Industrial  Materials,  2d  .Edition*,  Irvin 
.  "Sax,  1963,  Reinhold , Publishing  Corp^  '         ,   ^  >    ^  ' 

F.  Radiation  Hazards  and  Protection,'?.  E.^  Barnes  -  Denis  'Taylor/  2d  ^ 
.Edition,  Pitma^n  Ptiblishing  Cdrp,  1963,  NY,  Londori,  Toronto. 
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RADIUM  IN  MAN  ^  . 

While  the  ex:^-  ids  of  radiiun  were  recognized  almost,  immediately 

after  its  isc'         '        898,  it  was  not  until  192^^  that  the  toxicity  of 
V  internally  depc  -  .urn  was  realized. 

Scxnewhere  between  191^  and  1917,  radium  dial  pajnting  began  in  variou's 
locations  throughout  the  world.    One  plant  all  one  in  New  Jersey  employed 
800  girlfe  ))etween  1917  and  I925.    These  girls  xised  to  make  a  fine  point  * 
on  the  brush,  often  by  dipping  the  brush  in  the  paint  and  drawing  it  .  - 
between  the  lips.'  Then  they  would  "point"  rather  than  brush  the  radium 
on  the  dials.    This  necessitated  repeated  entry  of  the  radium  laden  ^ 
brush  into  the  mouth,  resulting  in  considerable  ingestion  of  radium. 
Some  of  the  girls  even  painted  their  lips,  hair,  and  nails  with  the^ 
.luminous  material  so  that  they 'would  shine  In  the  dark. 

During  the, years  1922  tO'^192l*,  nine  dial  painting  girls  died  with  severe 
and  unexplained  anemia  and  destructive  lesions  of  the  Jaw  bone  and  mouth. 
In  192i*  an  article  'appeared  in  the  Joiirjial  of  the  American  pental  As$ocia- 
^  tion  concerning  the  case  of  a  girl  who.  had  osteomyelitis  of  the  jaw,,  The 
*  author  mentioned  in  a  footnote  that  there  was  a  possible  causative  con- 
nection between  the  girl's  pathologic  9ondition  and  radium  dial  paint ing • * 
Almost  simultaneously  several  other  reports  bearing  on  this  possible 
relationship  appeared  in  both.the  Journal  of  the  American  DentaliAssocia 
tion  and  the  Journal  of  the  American  Medical  Association. 

*         -  r 

Both  the  lay  public  and  factory  officials  became  concerned  as  more  and 
more  cases  of  radium  toxicity  were  reported.    A  complete  and  thorough' 
investigation  clearly  established  the  causative  agent  to  be  iradium. 
Protective  steps  were  then  taken  (gloVes,  hoods,,  routine  blood  counts, 
etc.)  in  order  to  minimize  fiirther  occupational  Aposiire  to  this  material. 
However,  by  this  time,  thousands  of  individuals  throughout  the  world 
'(mostly  young  girls)  had  been  involved  in  radium  dial  painting,  agd  the 
long-term  effects  of  this  exposure  are  still  being  observed  today. 

In  addition  ta  Radiiam-226,  the  luminoua  paint  that  was  used  on*  the  east 
coast  of  the  United  States  contained  varying  amounts  of  mesothorium 
(radluin-228,  half-life  6.7  years)  and  radiothorium  (thorium-228,  half-lifd- 
1.9  years).     The  art  of  making  this  paint  belonged  primarilyto  one 
individual,  Dr,  Forttesharke,  who  was  vea/y  secret ivfe  about  the  ingredients 
and  their  amounts.   -Because  of  this,  it  is  difficult  to  retrospectively 
estimate  the  initie^l  body  burdenjpy  (amoBOt  of  radium  ill  the  body)  of  the 
dial  painters,  since  most  of  the  activity  of  radium -228  and  all  of  the 
initial  activity  of  thorium-228  has  decayed.    However,^ a.  body  burden  of 
acme  of  the  carXy  dial,  painting  cases*  of  up  to  200  microciiries  has  been 
postulated.  . 
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In  1931,  32  mental  patients  of  the  Elgin  State  Hospital,  Elgin/ Illinois'. 
I'eceived  weekly  intravenous  injections  of  10  microcxiries  of  radium-g26, 
'  ^p  to  a  maximum  of  1^5  weeks  for  tihe  purpose  of  comprehensive  measurement- 
•   of  radium  retention..  These  individuals  have  beerv- f oUowed  up  to  the 

present  time,  and  have  provided  important  infoiTiiation  concerning  radium  - 
,  retention  in  man.  '  > 

Recently,  a  house  occupied  by  a  radium  chemist  and  his  family  from  about 
1919  to  '1950  was  found  to.be  contaminated  with  radium-226.    The  basement 
of  the  house  Has  used  as  a  radium  laboratory.    From  l'950  to  190U  the 
house  was  sold' twice,  and  a  total  of  22  residents  of  the  house  s|ncfi  1919, 
17  have  been  studied.    It  is  of  interest  to  note  that  after  the  house  was 
sold  in  1950j  none  of  the  adults  or  children  have  acquired  a  medically 
-  significant  skeletal  deposit  radium,  even  though  some  of  the  individuals 
lived  in  this  highly  contaminated  environment  for  as  lonjg  as  10  years.^ 

Up  until  1932,  the  ingestion  ov  injection  of  Vadium  was  an  accepted  medical 
practice.    Additionally,  patent  medj^cinea  containing  radium  were  sold  to  the 
public.    As  the  harmful  effects  of  internally  deposited  radium  became  better 
known,  its  medical  use  as  a  general  panacea  for  illness  ceased,  until  today 
It  is  used  almost  exclusively  in  sealed  forms  for  its  gamma  radiation  only. 
The  early  experience  with  intemkl  radium  deposition  was  not  without  value, 
.    for  maximum  permissible  body  buj'dens  of  radionuclides  which  localize  in  » 
bope  have  been  determined  from  a  direct  comparison  with  radlum-226, 

2.     Absorption,  Distribution  and  Execretion  of  Bedium  in  the  Body. 

Early  radium  studies  disclosed  several  basic  facts: 

a.  Most  of  the  radium  which  is  taken  up  by  the  organlsln  is  excreted 

•  within  a  few  days  following  administration  and  only  a  small  portion 
remains  for  a  very  long  tl^ne. 

b.  The  excretion  takes  place  mostly  in  the  feces  and  only  a  small 

'  portion  is  excreted  in  the  urine.  »       ^  *  ' 

c.  Because  rddium  is  chemically  similar  to  calcium  and  is  therefore 

'   metabolized  in  much  the"  same  way,  the  fraction  of  radium  remaining 
'  "in  the  organism  is  almost  entirely  deposited  ir^  bone, 

d.  Most  of  the  radon,  the  first  daughter  product  of  radium/  is  exhaled 
through  the  lungs.  .  ' 

Although  radium  and  calcium  are  handled  q^irallarly^in  the  body,  there  exists 
a  discrimination  against  radium  and  in  favor  of  calcium  in  the  afe^ption 
process.    The  degree  of  discrimination  depends  upon  many  factors,  Its^luding 
s61ubility,  particle  size,'  and'  other  material  ingested  with  the 
particularly  the  number  of  calcium  ions  available  for  competition.  Esi^ 
mates  of  the  magnitude  of  discrimination  against*  radium  in  the  absorptid 
\      process  vary  from  k  to  10  f,or  man.  . 
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FoilcrWlng  an  intraver^us  injection  :of  radium^  the  plasma  cpncentratlon 
continually  falls  as  a  function  of  time.    Sliice  radium^  is 'incorporated 
in  nevly-formed  bone  mineral, ^t  the  same  concentration  (radium  to  calcium) 
as  it  exists'  in  the  blood,  mineral  formed  shortly  after  a  dose  'of>  radium 
is  administered  will, have  a  higher  specif i<i  activity  than  mineral  formed 
.  later.-   These  localized  high  levels  of  activity  have  been  termed  ''hot- 
spots. \  ,  *  .  ^ 

Tile  initial  site  of  radium  depositior>  occurs  in  what  is  known  as'  an  ogjeon 
or » localized  Wea  oAjbone  which  Burrounds     -nutrient  canal'.    The  bor^ 
cellB  lay  doWa  the  ^^cium  or  I'adium  in  layers  from  the  periphery  im/aj^ds, 
in  onipn-like  f asfitcP^  the'  oldest  radium  or  x:alcium\eing  deposited  on 
,tile  outermost  layers.    As  the  concentraAon  of  radium  decrease^]^n  the  *  . 
T)lood,  fewer  radium  atoms  are  available  f6r  incorporation  in  n^osteons, 
and  these  then  give  the  appearance  of  a  diffuse  distribution  6f  raCdiuin 
throughout  the  bone.  ,  .  \ 

Padium  can  also  undergo*  truQ  diffusion  in  bone,  in  two  ways.^   IJhe  calcliim 
(or  radium)  enters  the  osteon  in  a  w^ter  phase  durliig  the  early  formation  ^ 
of  bone  mineral.    At  thi|k  stage  oT;^the  formation  of  bone  an  exchange  pro- 
cess can  occur  whereby  raaium  canfbe  replaced  by  calcium.    Later,  as 
w^ter  is  replaced  by  mineral  salts,  further  exchange  of  this  kind  ceases.^ 
However,  late?  diffusion  can  occur ^hrpugh  the  action  of  osteoclasts,  .  • 
which  resorb  bone  mineral,  releasing  radium  and  calcium  iona  into  the 
bloodstreani',  wrtere  they  once  a§ain  become  available  for  incorporation  into 
newly  forming  osteons.   ^By  the  process  of  exchange,  -fhen,  radium  from 
Initial  hot  spots  can  become  diffuse  througjioiit  bone.    Experimental  evi- 
dence has  indicated  that  the  diffuse  radium  activity  is  one-half  of  the 
total  radium  activity  in  bone. 

Because  the  Elgin  State  Hospital  patients  received  known  doses  of  radium 
intravenously,  it  is  possible  to  make  several  interesting  calculations. 
For  example, 'it  was  noted  that  weekly  intravenous  injections  of  10  micro- 
curies ' of  radium  gave  an  average  term^na^  cdncentration  of  Ik  picocuries 
per  milligram  of  bon^.  _  Therefore  the  intravenous  intake  rate  for  any 
other  measured  terminal  concentration  can  Be  estimated.  - 

As  indicated  previously,,  the  diffuse  bone  radiun  activity  is^  dependent 
uppn  4:he  total  radium  content  in  bone,  with  approximately  half  of  the 
total  radium  activity  found  in  a  diffluse  distribution.    However,  the 
maximum  hotspot  activity  (pc/mg  of  bone)  is  dependent  qgly  upon  the 
radium-to-calcium  ratio  In  blood  at  the  time  of  formation^f  the  bone 
miner^al.    As  the  total  length  of  the  exposure  increases  the  diffuse 
activity  also, increases,  thereby  causing  a  lower  hotspot-to -diffuse 
ratio 'than  a  short  exposure.    For  example,  the  hotspot-to-diffuse  ratio 
for  maijy  radium  dial  painters  (long  exposure)  was  found  to  be^apprcSxi-r 
mately  .UO,  .whil^  the  hdt-to-diffuse  ratio  of  an  Elgin  State  Hospital 
pttientSho  i:eceived  only  7  weekly  infections  was  found  to  be  263. 
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Finally,  if  an  ingestion  discrimination  factor  of  h  to  lo  is  assvuned,  and 
"if  the  ratio  of  hots^iot -to -diffuse  activity  i,s  40,-  indicating  chronic'* 
exposure,  and  if  the  hotspot  was  observed  to  have  an  activity  of  42  pc/mg 
we  can  retrospectively  estimate  that  the  individual  ingested:  120  to  ^00 
microcuries  per  week  pf  radium -over  a  prolonged  period  of  ^time.. 

Approximately  95  to  98  percent  of  radium  excretion  is  by  the  feces, 
whereas  2  to  5  perpent  pf  the  excretion  is  in  the. urine.    The  actual  ^q^^2 
excretion  of  radium  can  be  described  by  the  power  function  Rt  =  9*5N: 
where  R^  equals  amount  of  radium  retained  after  time  t,  and  t  equals  time 
\^iti  days  afrer  injection. 

Therefore,  one  day  following  injection  the  body  retains  about  $0  percent  , 
of  the  total  amount  that,  is  injected^  after  1  week  about  20  percent  is 
.retained;  after  1  month  about  9  percent  is  retained;  and  aft^r  1  year 
about  2.5  percent  is  retained*    At  the  end  of  30  years,  about  0.  if 'percent 

*'  of  the  amount  oT  radium  is  still  retained.   ^  -  -  . 

It  is'  estimfrted  that  once  radiiim  is  incorporated  into  bone  material,  it 

.  HiBB  in  effective  half -life  of  1^5-50  ypars. 

.  EiTfect^*  of  Radium  in  the  Body*  ^  /  * 

'  Acdte  doaea  of  radium  vhich'  fix  large  queiitijies  (10-200  microcuries)  in 
the  skeleton  lead  to  *a  short  and  fatal  courser,,  the  manifestations  of 
which  may  be  leukopenia,  secondary  anemia,  extensive  hyperplasia  of  bo^ie 

-marrow,  pathological  changes  in  kidney  and  other  soft  tissue^  necrosis 
of  .bone,  loosening  of  teeth;  chronic  Infection,  weakness  and  death. 

\The  long-term  effects  of  lower  doses  are  more  subtle  in  appearance  and 
may.  take^years  to  become  apparent.    Assuming  that  65  ^percent  of  the  radium- 
226  daughter  product,  radon,  IB, exhaled  thraagh  the  lungs,  the  total 'energy 
d:eposite4  in  the  skeleton"  per  disintegration  of  radium-226  plus  35  percent 

*  of  its  daughter  prqdudts  is  11  MEV,^ mostly  in  the  form'of  alpha  particles,' 
which  have  a  high  linear  etnergy  transfer.    It  has  been  determined  that 
O^rmicrocurie  of  radium  in  bone  will  give  a  local  dose  of  0.6  rem/wefek. 
However,  there  are  hotspot^  of  from  30  to  260  tinies  th^e  activity  of  the 
diffuse  distribution  of  radium.    Because  of  this,^body  biirdens  of  greater 
titan  0.1  microcurie  of  radium  can  cause  scarring  and. consequential 
decrease  in  the  lumen  of  the  vascular  vessels'.of  the  boneS,  resulting  in 
decrease  of,  nutrients  to  those  Weas  of  the  bone^    When  this  06curs,  the 
osteoclasts,  resorb  the  bone  mineral,  leaving  a  hallow  area  of  necrosis. 
In  the. case  of  long  bones,  this  will  increase'  t^ie  ihcidehce  of  fractures. 
One  study  has  also  indicated  chrqmoscame  changes  in»^he  form  of  nimierical 
as  well  on  ^structural  aberrations..    In  9oiiie  p&t^nts,  there.  3^as  an  increase 
beybnd  control  values  in  the  frequency  of  cells  *noi^having  the  normal 
dhromosome  number  of  k6,  while,  structural, '  aberra"!: ions  consisted  of  chro- 
mosome fragments,,  deletions  and  translocations.    This  study ' included 
paitlentB  with  body  burdens  of  from  less  than  O'.l  microcurie  to  1.9.6 
microcuries,  although  no  significant  number  of  cells  with  iJt'ructural 

.^defects  were  observed  in  patients  with  body  burdens  , of  O.i  microcurie 

.or -less,  •  ■  '  .  ' 
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Since  ioaitlng  rediation  is  a  carcinogen,  it  is  not  suyprising  that  a  high 
incidence  of  osteogenic  sarcpma  has  been  foixnd  in. patients  wifeh  body 
btirdenB  greater  than  1.5^microcuries  of  radium-226,  and  the  development 
of  bope  tvoDore"  many  years  after  exposure  has  beeh  the , principal  hazard 
to  thfe  dial  painters  and  to  patients  'given  large  medical  doses  of  raijum 
in  unsealed  forms ;  .  ^  ' 

Body  Burden  Determinations. 

Since  some  ^f  the  radim  daughters  are  gamma  emitters,  it  is  possib].e  to  . 
assess  the  body'burden  ly  the  use  of  a  whole-body  counter,  employiiig 
sodium-iodide  scinta.llation  crystals.  ^  • 

A  second  method  estimates  body  burdefn  by  correlation  with  ,raiion  exhaled 
aa  shown  below.    We  know  that  1  microcurie  of  radium-226  .produces  ' 
g.22  X  10^  atoms  of  Rn/min.  , 

Activity   =  .        *    .  . 

Activ^ity   =    2.22  X  10^  atoms  bf  Rn  ^  x-  day  x  ikko 

irtinutes  -3.825  ^  -day 


2.22  dpm/picocuries  '  • 
126  picocxiries  of  radori  produced  each  minute 


r. 


^iTherefore,  if  there  is  a  body  burden  of^l^O  microcurie,  and  65  percent  ^ 
*of  radon  produced  is  lost  in  the  breath,  then  82  picocuries  of  rado;i  are. 
exhaled  in  the  breath  each,  minirte.^  If  the  averag-e*  mai£  exhales  7  liters/ 
minute,  then  "  «        '      "  ,       .  /     .  .  > 

.     82  picocuries/minute    ^  .         picocUries  of  radon/iCitbrs  of  * 
7  liters/mirtifte  breathy,  :  , 

'      -  '        /  ,     *  *  .  ' 

if  'the  body  .burden  is  1.0  microcurie^  of  radlxm;  or  1^17  pic6cia:ies  of 
radon/liter  of  breath  for  each  0,1  microcurie  of  radium  in  the  body*  • 

Maxiua  Permissible  Body  Burden.  -  ^    '      '  .  ' 

■  *        ^  -  ,       '  ^     ^    ^  a, 

NB6  Handbook  #27,  which  <;as  published  in  15J^l,.  reconmen4ed  thit  the  maximum 
permissible  bpdy  burden  for "radium-226,, be  established  as  0,1  microcuries.' 
Thlfl  Temaina  as  an  acceptable  value  to  this  day.    The.  decision , to  uffe  0,1 
microcuries' was  based' on  tl^e  observation  that  osteogenic  sarcoma  or  other 
major  clinical  manifestations  had 'not  been  found  in  subjectis  with 'body  . 
burdens  of  less  than  1.5  microcuries  of  radiura^6,  aM  on  »j:he  use  of*  a  :  " 
factor  of  10  as  a  margin  of  safety.  ^  !     *  .  ' 


Although  tumors  have  hot  ^een  observed  lif  persons  with  body  burdens  of 
^radium  as  low  as  6.1  microcurie,  the  factor  of  safety  taay  nop  be  tfs  large* 
as  10,  since  tumors  have  occurred  in  persoi^s  having  a  body  burd%n  of  less 
than  1  microcurie  at  the  time  the  tumor  was  first  detected.    In  all  these 
cases,  however,  the  original  body  burden  had  been  greater  than  this. 
Furthermore,  i*n  the  case  of  the  radium  dial  painters,  the  original  dose 
was  augmented  by  the  addition  of  mespthorium  (Ra-228)  in  the  ingested, 
material.    At  present-day  occuiJational  levels,  it  is  estimated  that  the 
maximum  permissible'  body  burden  would'  be  reached  only  after  50  years  of 
continuous  exposure.  .    ,  \ 

Inherent  Disadvantages  -of  Radium.  ,  . 

>      .  -  *  * 

^  •  < 

Radium-226,  a  naturai'ly^  opcurring  radionuclide  found  as'  «i  daughter  product 
in  the^  uranium  decdy  series,  has  a  half -life  of  1,622  jfeafs^   As  a  m^nber 
of  -the*  alHaline 'earth  series,  radium  is  cheioically  similar  to  calcium, 
strpntim,  and  barium.    Therefore,  if , it  enters ^tlie  body,  it  will  probably 
be  deposited  in  the  bon'e  where  ±%^may  cause  significant  ,biological  damage 
because  of  its.  long  eff^ctiv^  half -life  and  alpha 'decay.  Thesenpro]()erties 
jnake  radium  the  most  radibtoxic  of  the  commonly  used 'radionuclides. 

HadiuM  is  a  brilliant  white  inetal  that  quickly  tumg  black  (nitride)  in 
contact  with  the  atmosphere I    It  behaves  like  'the  other  alkaline  metals, 
a.ttacking  glass  or'qifartz  and  decomposing  water  to'  form  an, hydroxide. 
Ther/5fore,  the  radium  used  .in  medicl»e  and  industry  is  combined  in  a  more 
stable  form  as  a  chloride,  bromide^  or  sulfate.    Most  of  >the  radium  proc-  • 
eased  in  recent  years  i§  in  the  form  of  the  insoluble  sulfate.    However,  ^  ^ 
in  1933.Sayer  reported  that  in  a  surv'ey  of  radium' sources  in  medical/ 
institutions,'  l8  percent,  of  the  radium  was  in  the  form  of  a  ch;ioride,  2p 
percent  in  a  bromide  form,  and  5^  percent  was  in  a'stdfate  form.  ^  The. 
remaining  2  percent  was  radium  carbonate  or  some  other  compound.    These - 
salts  are  hermetically  Isealed  in 'tubes,  needles,',  cells,  oi;  capsules  wher^^ 
they  can  be  manipulated  to  produce  the  desired  exposure;    Since  these  ' 
salts  arq  in  "^he  form  of:  a  fine  powder^*  rupture  'of  the  sealed  container 
will  result  in  the  dispersal  of  .the  radium,  making  recovery  and  decontamina 
^tion  operations '^difficillt.  'Because  radium-226  has  a  1,622-yeBr  half 
.decontamination  is  necessary  rather  than 'restricting  the' area  Until  the 
activity  has  decayed  to  acceptable  levels,  as  can  be  done  in  stoilar 
incidents  with  some  of  the  short-lived  Radionuclides.  '        ^  * 

It  should  also  be'  pointed  out  that  the  dosage  c&lculations  j,n  radiation- 
thei^ai^-are  based  on  the  assumption  that. .the  ii^diunl  is  tmiformly  dist^i-  ^ 
buted  throughout  the  active  length  of  the  source^;    BbErium  saltaT  are  . 
usually  added  to  the  radium'  ^alts  to  fill  the  container  completely^ ■  ^ 
However,  Freed  and  co-authors  have  observed  by  autoradiography  of  radium 
needles  that  these  salts  may  become  ^unevenly  packed/ resulting  ^n  a  .con- 
siderable discrepancy  in  the  expected  tissue  do^e/as  calculated  from  a 
•-uniformly  packed  needle.  .  They  recommend  a  periodic,  inspection  and    ^  . 
autoradiogpaph  of  3our(?es  used  im  therapy.         •  ^ 
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Anottfer  characteristic  of .  radium  is  its  complex  series  decay*  ,Badiuffl«226 
is  primarily  an  alpha  emitter,  as  are  Its  daughters, ';radon-222,  polo-  ' 
nium-2l8,  iuad  polonitim-2lU/  The  gamma  activity -that  makes  Vadium  appli- 
cable ip  medicine  and  Industry' comes  frcm'^the  beta-gtama  decay  of  tvo 
other  daughters,  le8d-21^  and  bismuth->2lU,    To  be  an  effective  gaznma 
emitter,  a  radium  source  must  be  sealed  for,  approximately  30  days  to  allow 
its'  daughter  products  to  reach  equilibrium  with  the  radium.'  Unfortunately, 
Internal  p]^essure  builds  up  inside  the.  sealed  source.    This  ^pressure  is 
pArtly  caused  hf  the  radon  gas  {3.28     10*3  atmospheres  per  year  for  a 
1  mg  Source),  the  helium  l>uildup  from  the  alpha  decay  (3,, 09  atmospheres 
per  year  for  a  1  mg  source),  but  pfe^marily  by  the  generation  of  hydrogen 
and  oxygen  in  the  dissociation  of  anV  water  present  as  a  result  of  in- 
adequate drying  of  the. salts  before  tmy  are  sealed  in  the  source.  The 
pressure  from  this  dissociation  has  been\estlm8:ted  to  reach 'several 
hundred  atmospheres.    Extreme  care  must  bk  exercised  in  hmnA^in^  sealed 
r^i\xm 'sources^  for  there  is  no  way  of  decbe^mlnlng  when  a  source  may  have 
reached  the  point  of  failure.    Rough  handling  and  heat  sterilization  should 
be  avoided  ae  they  may  add  suffipient  extemaL  stress  to.  initiate  rapture 
or  leakage*.  .Older  sci^rces  encapsulated  In  glass  or  fitted  with  a  friction 
plug  without  threads  are  particularly. susceptible  to  failure  from  internal 
pressing.  .  -      ,        '  ^  ^ 

Leaking  sources  are  not  only  a* pcrteri"tially*  severe  heaj.th  hazard  because 
'  of  the  spread      Ripely  divided  radium  salt'  If  the  hermetic  aeal  fails  • 
completely,  bu^  in  addition,  the  "sources  will  not  deliver  the  expected 
gamma  dose  because  the  radon  daughter  products  are  not  in  equilibrium 
with  radium.  *  ^  '  mi* 

The  decrease  in  the  cost  of  rddium  -pyer  ^the  yejars  has  also  contril>uted  to 
xumetfessary  exposures.    Maxiy  users  ^ho,  purchased  radiiam  when  the  price 
was  inflated  are  .reluctant  to  part  with  the  sources  at  the  present  low 
price.    Therefore,  som^*owners  vl^o  no  longer  have  a  use  for  radi\im*have 
retained  it  as,  a  kind  of  yaMoe^-tive  "white  elephant,"   Sources  have 
been  stored  in  sUch  unlikely  places  as  safe  deposit  boxes. j 

The  'characteristics^ of  radium  jUst  described. merely  suggest  its  potential 
hazards.    In,  orderv^'io^eValu^te  public  *health  aspects^  it  is  necessary  to  , 
knov^  the' frequency  a,Ti4  exteiifc.of  theluses  of  radium.-    *  .       •  , 

C^libratioa  of  Vlte8k'T4st^ProcedUre  for,  Sealed  Radiiim  .'Sources • 

a^     Object.  -     ^        *  *  1 

To  cdrteJLate  soi'vey  instrument  readings  with  the  amouilt  of  radium  *. 
•  *'  ,  plus  dauglit'e:?: *  s;  leakage .  *  '  . 


Ih*trcJduct>ion..  '  ^  •  -  * 

»!rhere  are  many  leak  Jteft  procedures  Sor  aealed  radiuto  sources  in. use 
today.    The  majority  of  tlveBe  test  methods  collect  the  daughter 
products  of  radon  .for  several  hours  and  this  activity  is  monitored  * 

'  wi^  a  suitahle  instin;^ent.    The  test  procedure  determined  the  instru-. 
mWb  that  should  be  used,  in  n^ea^u^ing  tjie  amount  of  radon  daughters 
collecte(^.'  In  some  of  the  leak  tests,  the  alpha  activity  is  deter- 
mined with  an  instrument  such  as  the- AN/PDR-66  (PAC  ISA)*  Precise 
^     measurements^  of  the  leakage  can  be  obtained  by  the  use  of  an  elabo- 
rate'-laboratory  instrument  for  detecting  radon,  but  field  use  of 
'  this  instrumentation  is  ^not  practical. 

c.  List  of  Equipment. 

'  6  calibrated "raditan  sources  with  activity  of  O.OOl  uc  -  0.  15  uc. 
6  Jaxs  f or  conducting  the  test.  "  ,  ^ 

1  alpha  survey  meter.  '  . •      ,  . 

d.  ,    Proc^ure.     .  ^        .     r;-  # 

(1)  Day  1  -  The  ^irst  step  is  to  prepare  t^e  radium  source^*  to  be 
used.    A  stock  solution  with  a  concentration  of '2  u  grab/ml 

*  is  -used  for  the  semple  preparation.    The  solution  is  calibrated 
arid  the  volume  needed  for*  each  sample  determined.    A  micro-   '  ^ 
pipette  is  then  used  to  remove  the  liquid«»frcm  the  container 
and  place  it  on  a  2-inch  planchet..  ^  The  sample  is 'then  dyi^d  and 
standardized  in  an  intemeil  proportional  counting  4.n$trument. 

(2)  The  radiijm  sources  are  then  placed  in  the  t^jsfejar  for  2k  hmra. 

(3)  P?y  2  -  The  activity  on  each  jar  lid ^s- measured  with  the  alpha 

^  'survey  meter  at  the  end  of  the  2ii-hour'  test  period.    A  reading  • 
'Is  also  made  of  the  alpha  pheck  source,  if  one  is  available. 
^  This  will  allow  one  to  check  the  operation  of  the  instrument 

prior  -to  each  survey.    If  there  is  a  significant  cl^ange  in  the  • 
/  .  reading  of  the  standard  source,  a  correction  factor  may  be 

•    '  '       obtained  by  divijding  the  initial  reading  by  the  present  reiding, 
^This  factor  muat  then  be  multfplled  b#  the  -readings  taken  during 
the  survey,    A  new  calibration  should  be.  made  as  soon  as  poesible 
because  this  correction  factor  is , based  only* on  one  point. 

(k)    The  next 'Step  is  to  plot  a  calibration  curve  of  activity  versus 
counts  t>er  minute  on  linear  pa:per'.    This  curve  will  provide  an 
estimate  of  the  radium  plus  daught^r^s  leakage  when  a  reading 
#is  obtained  with.  the.  survey  in0.tnmfent. 

■  .  -  :  "i^Q  '     ■  .  • 
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DATA 

SHEET 

Source  Number 

Calibrated  Activity 

Time  o£  Test 

Reading  obtained 

I 

• 

\ 

t 

J. 

\ 

5 

6 

> 

Ty^  of  Alpha  survey  in8trumenc_ 
KcAdijig  on  check  source 


Calibration  made  by_ 
I«OC«tion  " 
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student  Performance  Objectives  and  Notes: 
A.     Stuient  Performance  Objectives. • 

1,  State  r^ium  usage  of  concern  to  t^e  radiological  safety  officer 
ax^  %he  problemB  encountered  .in  thiS'  usage, 

2.  Give  the  characteristics  and  hazards  associated  vith  radium  ' 
usage  to  include  accident  control.  ,  *  ^  •  * 

State  the  reasons  for  deteSfcing  radium  and  .give  types  of 
leakage  test  vhich  can  be  performed  to  detect  ^adiizm. 

Giv^  the -precautions  necessary  to  preclude  or  reducju>S^^^ 
significance  of  radium  accidents. 

Notes:  .     ,  , 


.  4 
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Handouts*  ,        '  ^  '  - 

v'u -Graphs  us e^d  ill  DFO'80: 

a:     ^Cd  Mvantages •        *  <  '  .      V       /  ^ 

1.     No  gaseous  rMiyacMve  daughters.* 
>       2;     Metallic  form*.  '  »  ^ 

^      3*     Machined  to  oiie  desired  shape.  ^    ^  '    '       ^  ^ 

.     "         ■         ■  ■  .     .  •  ' 

,  U,     Less  radibtoxic,, .    .  •     .        '■  * 

/  .  •  *  • 

*  .  5.  '  Does  not  MiM  up  an  internal  pressure  in  sealed  Sources 
B»     Problems 'Encountered  with  Radiumi' *    "  ^  * 

li     Storage      ,   .         "  *  ^  .  ' 

«  2.     Shielding      /  -  ^     .    ^  •  .  • 

3.    •  Identification  and  Labeling'         "  ^  .  - 

" /U.     Leak  Testing  Procedtires  ^  ' 

5.     Records  and  Logs '  <  -  i  .         .  ' 

6. .    Radiation  Protection         '  ,      •  ,  ;  - 

Aocjient  Study  I  -  Percent  Ocfcutrence  '  , 

9U*Medical  Cases    '  •  >  .     '    \  : 

1.  Transfer  from  storage  and  assembly  -  9^ 

2.  Transfer  to  treatment  room  and.  application, -  3^  ,   ^  „ . 
3^     Patient  irradiation 

U.  .  Removal  and  transfer  to  storage  - 
'  ■      5,     piaaBsembly  aruj  transfer  to  storagfe  *  "      '      .  •, 


Acc?.dent  Study  2,  Percent  Occurrence.        ■  ' 

1.     Truck     80  cases  -  ^J*^'     •     "T      ^        ^  • 

2'.     Sewerage  ^y&tem  -v  19  .cases  -  1356 

3*     Floor  -  15  cases  -  \        '        '  -  ^' 

Other  -  33  cases'  -  2356^ 
Reasons  for  Detecting.  .Radium 
1*     It  ell  radon  gas  escapes  -  no  ganna 
'  2.     Cross  -  contaiplnation    ,       .  .  •  ' 

3,     Interference,  with  instrumentation 
\.  \  Leak  may  not  get  worst  *-  but  will  not  get  better 
Types  of  Leakage        ,      •  ' 

1.  Diffusion  ,  *  "  , 

2.  Expulsiorr  of  radpn  '  . 

3«     Expulsion  of  radon  daughters 

\.    ,  Expulsion  of  .radium' 

Otlfer  Test  for  Radium         '  '  ' 

,    -     y  ^  -  ^    ^  -  - 

1«     Wipe  test  or  sme&r  test 

f 

2.  Alpha  Inj^tnrsent  survey 
*     •  '       ^  », 

3.  Well  insert  /       '  '  '         "     ,  ' 
^4.  ,  Rjadon  film  badge         •  \  '  ,  ' 
$.     Clbsed  sjjprtiem^ -\ radon  plus. 'daughter  retention 

p;"  .  Closed ',pyst<^  -  radon  daughters  only. 

*  \ '       ^  ^  •  ^        *  '  ^ 

T.'     Glass  jar         »  . 


Rftdlm  Decay  I.  '  * 

CTOU?  I  GROUP  II 


1602  yrs  '  da ' 


GROUP  III 


^■^°Po   3.05       •       Pb  .  26.8  B        '^■^^Bi,  19.7  m         •  Po  T^TTTZ^ 


.  .  GROUP  IV 


2^°Eb    21^     2iOg^  .sToTT     ^^°Po    135.1*  d-  206pb 

Radium  Considerations.  .  '  ' 

GROUP  I     -  Radium  -  effective  half -life  -  l602  years 
GROUP  II    -  Won  -  effective  half -life  -  3»823  days 

GROUP  III  -  Primary  daughters  of  radon  -  eff ectiye  half- life  -  26.8  months  • 
GRCUP  IV   -  Secondary  daughters  of  :padbn  -  effective  half  life  -  21  years. 
Precautions.  »     <  , 

1./     Accdurftability  ^;    ^  "  ' 

24     Custodian  ^  •  '      /  •  T 

3.  Adequate  storage     ,  ;  ^  .      *  , 

4.  .  Rigid  cojtitrol  *    '         '    •         r  '  .  \ 

5.  Proper,  traiisportation  •  ^ 
Proper"  se'cmrlty      -  "   .       •  " 


Kj  'Preplanning  for  Acciaents. 
1,  Where  Isotope  is \ used 
2. ,   Hov  Isotope  Is  uskd 

3.     CapsMllty  of,  IsolWtlng  contaalnated.  are« 

Monitoring  equipnedt  capabiXity 

5*     Cleaning  equipment  available 

\  1 
6»     What  help  is  availaqle 

7.  Training 


1^  . 


IV-.  Problaur  Hone 
V.     Solutions:.  Ifone 
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DFlO(y,  SHIELDING  OF  X  AND  GAMMA  RADIATION 

Reference":    ST  3-155,  paragraph  U,3,  U,9,  table  U,!;  U.  S.  Army 

-  *       Ordnanqe  Center  and  School  Pam  25  (bring  to  class). 

Student  Performance  Objectives.. 

A.  Review  natiire  and  origin  of  X-ray. and  gamma  radiation. 

B.  Explain  production  of  X-ray  and  gamn?a  radiatioii  to  include 
bremsstrahlung  and  the  energy  ratio  between  X-ray  ^.and  garoma 
radiation.  ^  *  . 

C.  Explain,  'from  memory  and  in  general- terms ,  elfictf omagnetic 
energy  absorption  to  include  the  photoelectric 'effect ,  Compton 
effect,  and  pair  production.  ^  • 

D.  Define  the  factors  influencing  absorption  efficiency.  ^ 
Define  »and  explain  linear  attenuation  coefficients. 

F.  Define  and  .explain  mass  attenuation  coefficients. 

G.  Define  half-thictoess  concept  and  its  relation  to  the  basic 
shielding  equation. 

H.  Given  Pam  25  as  a  reference,  the  radioactive  material  to  be  used 
and  the  typfe  of  shielding  material,  determine  half-th5,ckness*  ' 
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IV.    Problems  -  Shielding  of  X  and  Gajnma  Radiation: 

Cl>ass  and  Hcm6  Study  Problems.         «   '  ' 

1.     Complete  .the  following  t4blp: 

GAim  ENERGY  \ 

(^^)    .  ,       "      SHIELD    .  '  n/p  (cm^/gm) 

^    ,   Lead   .        "  . 
'  b.      *    0.^032  .  Sandstone  (SiO^)  '  


'   c.  Tin 

Complete  tlie^  following  table: 

GAMMA  ENHBGY  *  »     ,  .        v  ^        ,  ^ 

'  '  (M£v)__,       . "   SHIELD'      ^       Wp  (cm^/gn)         ^ '  u  (cm'^) 

a.  IM  ^        Iron  '   

b.  1.13  Copper    ^  '  *  .  ; 

^<^^  0.855  Aluminum   

^  A  certain  X-ray  machine  produces  energy  so.that  the  total  maL 
attenuation.cpefficient  is  Q.  225  cm^/gm  In  cqpper .  ^  ' 

a,      What  is  the  linear  attenuation  coefficient? 


b.      What  is  the  half-thickness *of  the  copper  to  this  X-r3y?*^* 


1 6^  6 


167 


What  is.  tfte  Jialf- thickness  of  uraniuhs  for.  gajnma  radiation 
of  iM  Mev?        ^'  .  .  ' 


VJhat  is  the  half-thickness  of  leid  for  gamma  radiation'of 
1.22  Mev?      •  •      '   '  '       '  . 


VJfhit  is  the  half-thickness  of  concrete  for.  X-ray  radiation 
of  0,038  Key  (for  density  use  worst  case  involving  siliceous' 
concrete)  ?     ,  .  * 
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^Find  the  half- thickness  values  for  carboji'  and  air  when  subjecte^^ 
the  gajnma  radiation  for  eadh  of  the  following  iso'topes.  (Density 
''^of  air  0.0013  gni/cm^.and  densi'fy  of  carbon  2.25  gm/cm3. ) 

'            -!  :  —   .    ..  _•:!   * 

Carl^n.. 

%  .       Air    '         '  - 

- 

Xi 

• 

» 

• 

f 

• 

•  01' 

i 

t 

I31j 

 h  

  *  

6  '    What  is  the  half-thickness  of  copper  for  ganma  radiatibn  from 
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^*  '•  ;Sl  fro^i4l''""*'''^^'''  °'  aluminun^Tor  the  .  gamma  =radia- 


V/hat  wuld  be  the  half-thickness  .of  copper  in -pa'rt  a''' 
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"8/  ^  The- basic/shielding  equ&ion  is  R    =  R 


•MX 


If  a  thickness  , 


of  12  cm  rs"^\^ed  and  yx  is  equal  to  7*2,  what  is  the  value  of' 


Pi 


>3 
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Solutions  to  Problems. 

1.  GAMMA  ENERGY 

(Mev) 


a, 
b. 


a, 
b, 
c, 

a. 


a. 


3.6 
0,032 
0.6^0  \ 

GAMJ4A  ENEI^GY 
(Mev) 


SHIELD 
Lead 

Sandstone  (SiO  ) 
Tin 


0.0417  ^ 
0.  7&0 
0,0787 


shiecd 

Iron  ' 
Copper 
Alujfninum 


n/p  (cm^/gm) 
o.oJf93 
0,0561 
0,0665 


.  1-13 

0;855 

Linear  ^attenuation  coefficient  -  ?,012. 

_____  ^ 

0.225  X  8.92  =  2^01150 
fhe  half-thickness  of  the  copper  is  0,  344  cm, 

0,  344  cm 


0,387 
0.  502 
0,179 


0-693 


g-693 
2.012 


(1)  E    =  l.ii9 

(2)  ti/p  for  uranium  (page  138,  Pam  25) 


1  Vbv  =  0.0776 
1.5- Mev    =  0.0548 


0.0228  X  4?  =  0.0223 


0,0776 
0, 0223 


0.0553   =    n/p  for  l.ii9  Mev 
(^)    D  for  uraniimi    =    l6.6'8  gm/cm^  • 

\x    =    n/o  X  p 

u   -    0.0553„x  18.68 
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^^l-^i  P-671cin.. 

b,      (1)    E    =  j1'.22  ^    '  ~ ' 

(?)•  ti/p,for  uraniym  (pa^e  I38) 

1  Vi^v .  =0.0708  '  '      •.  . 

,  1^5  Mev    =0.0517  ^ 

.  •  ,5  COigi-jc  i|   =    0.0084  . 


1.22- 

-1.00        0:22.-  11 


o;22 


.0.50  25 


0.0708  .  ■  , 

'  -0.0084  •         'f  ■ 

0.0624  =    n/p  :for  1.2'2  Mev  absorbed  in  Plj. 

'   '      ■  t 

(3)    p' for  lead    =    11.35  • 
.  (^)        =   ^l/p  X  p  •        \    *  . 

•     '.n    =•  O.062if  X  11.35    =  O.7O8 
'  /o'  y     -   0-693  -  1   0-693     ^*      *  ,'• 

*  ,  ' 

Xi    =    0.979  cm  '       ,  ,  ^  ' 


i  ■ 


(1)    E    =    38  Kev.  '  : 

(a)   Wp  for  conprete.    -30  Kev    ^    1.190,    .    .  '  '  '7 

'      .    '    .    kO  Kev    -    0.603-     '       ^     '  ' 

38  Kev    '-^  '    "  0.585;x,.|   r    O.-MS'  T\. 

^  :  30  Kev   -   8j  .      '  r  '/^ 

"B         "  10  .  "   5'  /  "    '    '  ; "] .    -  , 

.1.190  •  ■       .  -      '  ■'  . 

0.468  •  ^'        '  ,^ 

0.722    =.  ji/p  for  concrete  at  38  ^^v.  •  '    ^    *  •  ' 

(3.)    p  for  concrete    2.25  gm/cm-  ...-^  . 

"     .     '  '  ^  •■     i73  >■;■'••■ 

'    •..  L   174-    «.       *  '  .         .        ■    •  ■ 


'      =^  0.122  X  2.25  ^ 


=,  1,625  cm. 


-1 


(5)'  Xx 

2 


0>693 


0>j693 
1.625 


=    O.U26  cm 


E  • 

'Carbon 

'  Air 

v/p 

'  >  Xi  • 

Xi 

p  f 

2.2hl 

;0.0'V2^' 

0.095^ 
 . — 

7.2?  cm  , 

0.0)115 

0.00005^ 

1.23  X. 

io\  '  . 

,  / 

-a.236  . 

';»2.9^  cm 

0,ldU7 

0.000136 

5.1  X 

.  10^  - 

} 

.  No 
7 

No 

:  o;637 
■(6.$^) 

t 

0.0789 

3.89  cm^'' 

.0787  • 

0; 000102 

< 

6 .79  X  ' 

10^ 

51 


Gr 


.63 


Ni 


90, 


Sr 


131, 


a,  *  E*of  "^.^-^n'  =' 

0.255 

b'/    u/d    =*  200'  = 

.157 

.112 

100 

.*0U5''x 

'  *  n/p    =  0M3? 

II 

20 


.025 


-157 
r>025 

.132 


174. 

175  • 


'•0.132  X  8.9'*  ; 
1.-18  • 

0.693  '  _  0^693 
\i  .1.18 

.587  cm'  •: 

E   =  '0.035 

|j/p 


30  Kev  "1.120 
ho  Kev  =*  0;567 
10         •     ,0.553  X  I    =  .  0.|77 


y/p  ,=    O.8U3    .  ■ 

p    =    2', 6 99  or' 2.7  gm/ci0- 

[i    =    fi'/p  X  p    =  2,28 


0,693 

272^" 


Xi  ='  0.  304  cm 
&   =  '  0.035  ' 


|J/P 

p  •  = 
^  = 


\30  Kev    =  10.90 
^'kO  Kev  N  =  _k.89_ 

■■  7.895 
8.9^  gm/cm-^ . 
u/p  X  p  -  =^.7.895 


=  3. -005 


=  70.-58 


0.693    _  6.693 
.-  703H- 


Xi  '■=    G.OO9BI  cm 


1.120 
.0.277 
0.843 


10.90 
"  -3.003 
T.895 


=  7.2 

X  '  =    12  cm 

•       \i  (12  cm)    =  7-2 


7.2 

12  cm 


|i    =    0.6  cm 


=    0.6  cm 


-1 


<  % 


BASICS  OF  RAOrAf  ION  DETEpTlpN  ^ 


DFllO,  BASICS. OF'RADIATION  DETECTION  ' 
I.    f^eference:    S?  3-155,  paragraph  3.^,  V.l-li.3,  4,5-^.8,  ch  6, 
IT.    Lesson  Objectives  and  Notes:      r  ^  » 

•  A,    Five  principles  of  radiation* detection.^ 

Application  of  these  principles  -to  Radiac  instruments. 


0 


178 

178 


■■■■  r 


I 

V  4 


t 
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COMPUTATIONAL  PR6C£DI>RES 
^      J  N  RHYS ICA^  SCI  ENCES 


Itotesrt 


r 


III.    Handouts:      DFllO  Nomenclature  Interpretation. 

..IV.    Problems:  ,  None.^  ^ 

I  I   •  ^ 

V.    Solution^:  None. 


( 


ERIC 


180 

180 
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HADIACI-ETER  KOMENCLAIUHE  INTERPRETAT 


1|    Letters  before 

2.    First  Letter  after 


/ 


3.    Second  Letter  after 


ii.    Thirxi  Letter  after 


5.»  Letter  after  • 
*  6.    Nimber  after 
7.    Letter  'after  number 


// 


COMPONENT  INDICATORS 


1.  Letter 


CY 
IM 
?^ 
PP 
TS 


P 
T 
U 

D 
F 
H 

T 


Army  Navy  Set  11 

Mobile  ^ 

Portable  or  Pack 

Ground  Transportable 

General  Utility  (Airborne, 
Shipboard,  Ground) 


i 


Radiac 

Phpto^aphic 
Recor.ding 

Mainterjance  and  Testing 

Training 

Model  number 

Modification  (-First,  Second, 
qtc> 


EMC 


Cases 

Intensity  Measuring  Device" 

Miscellaneous  i 

Power  Supply 

Tes^.  Equipment      ,  ' 


'  "1 


i8i 

181 


DF130,  COMPUTAjriONAL  PROCEDURES  IN  PHYSICAL  Sa^NCES 

'  I.  Reference:  None 

II,  Lesson  Plan  Outlin^:  None 
III.  H^mJo^ts:    None  '  ^  ^  .  f 

IV.  Problems:    Class  and  Home  Study  Problems 


a  .  » 


ERLC/ 


182 


■    .     <  182 


j^or  the  following  elements,  how  many"' protons  and  neutrons  are 
present?  *^ 

a.  .  •,     .         /  .  • 

Protons    ^ 

I  Neutrons  ^   ;  


238^ 
92 


Protons 
Neutrons 

208, 


82^'^- 


Protons 
Neutrons 


/■■/ 


^Tor elements  listed  in  problem  1,  hov  many  ele^ctrons  must  be 
pre*nt  for  the  atom  to  be  electrically  neutral? 


Calculate  the  (Q)  value  for  the  following  reaction: 


For  shielding  pxjrposes  what  gamma  energy  should  be  considered  for   .  ', 
71, 


33 


As? 


b. 

53 


129, 
52 


Te? 


184 


^  '  184 


If  130  ergs  of  energy  were  absorbed  in  9  gms  of  tissue,  what  amount 
of  ;r:£ii'-ition  w':is  present  to  cause 'this  damage? 


What  is  the  mass  attenuation  coefficient  of  a 

a.  .1  Xev  y  in  copper? 

b.  2  Vbv  y  in  iron?  • 


1.^  Mev  /  in  alujniQunr?' 


What  are  the  linear  att^nuatioii  coefficients  for  each  of  the  conditions 
in  j>rob!lem  6?       ^      -  •  » 


[ 


) 


8.      'Aliat  IS  tl|e  half-thickness  of  each  of »the  material's  listed  in 
Droblem  6?       '  *  , 


9.  If  a  sample'Of  radioactive  material  decays  at  aVate  of  7*^2-x*10' 
disintegrations  per  second,  how  many  curies  -doeft  this  represent? 
How  many  microcuries?  *  , 


10' 


10.  '   If  doses  of  the  following  radiations  arfe  received,  what  is  the  total 
biological  damage?  ^  -  " 

3  rad  of  beta  '  /  /  ^ 

U  roentgep  pf  gamma  -  ^  ^  ♦ 

0.5  rad 'Of  fast  n^utron;^    ,  ,  -  *  '  ' 

'0. 


ERIC 


rac 

L  of  slow  neutron 

<* 

w 

1' 

■  1 

I* 
i 


^  185, 
186 


11.    ,  What  are  the  half-lives  of  the  following? 


27 

'119, 
51' 

2U5 


Co 


Pu 


d. 


181„ 


\ 


12.      What  , is  the  penetration  of  a  5  Mev  beta  parti c3,e  in  silver? 


13.      A  man  works  5  meters  from  a  radioactive  source  ^iclx  has  a  source 
strength  of  2.5  rhm,  for       minutes.    What  dose  should  he  receive? 


A  radioa'ctive  sample  of  ^^Cu,  having. a  dose  rate  of  j98.0  mrad/hr  at 
1  meter,  has  just^arrived.  *  When  will  the  dose  rate  -ef  this  sample 
be  down  to  320  mrad/hr  at  1  meter? 


What  are  the  daughter  products  viien  the  following  nuclides  decay 

9 


(1)  ^^Cu 


(?) 


(3).  89AC 


t 


183 


7 


b.      Balance /€he  following  reactions. 


{ly  Li  (d,n)  ^Be 


/ 


t2) 


62 


(3)    ""^Wi  (?,7)  ^^Ni 


r 


7. 


1/ 


ERIC  • 


1 

489 


il 


l6'.      If  6  esu  of  charge  was  /  generated  by  radiatj.on  in  a  volume  oi"  2k  cc 
of  air,  what  'expdsure  doSe  of  radiation  was  present? 


ERJC 


190 

.190 


You  as  Radiological  Safety  Officer  have  been  asked  to  check  a'  ' 

package  to  ship  1  Ci  of    ^^Re- which  has  a  source  strength  of '0.509 

rhm.    To  ship  this  package,  the  reading  at  the  surface  must  not 
-exceed  200^mi^ad/hr  and  at  one  meter  from  surface  must  not  exceed 
10  mrad/hr.    How  much  lead  would  be  required  to  ship  this  package 
the  packageHs^l  itb t er^o^  a-^s   —  — ^  ^ 

I  A  J 


1^^ 


A. 


191 


■191 


l8*    »  a»    '  Wfiat  thickness  of  beryllium  would  be  required  to  stop" the  beta 

particle^  from  a  59^8  rhm'  source  of  ^'^Zr  in  e4^uili,bri\jm  ^th 

95         *  ,       ,  '  ^ 

its  daughter  product    .  Nb?  ,       .  . 


■b*:    What/ is  the  unshielded  dose  rate  30  cm  from  the  source? 


*  v.; 


192 

192 


It  takes  a  medical  technologist  3  minutes  to  prepar.e  a  1,5  rhm 
radioisotope  for  injection  In  a  patient.    During  the  propara- 
l^ion  tlittc  the  technologist  is  1  meter  from  thes5>i«rce"with 
no  shielding.    What  dose  does  he  receive?  ^""^^^ 


The  technologist  also  must  take  the  prepared  injection  to  the 
patient's  ifoom.    It  takes  blm  5  minutes  to  transport  the  in- 
jection during  which  time  the  source  is  2  meters  away  from 
hlm^    What  dose  does  he  receive  during  this  operation? 


193 

i93 


) 


20.     «.     The  radioactimy  of  a  nuclide  decreased  by  Uo^  in  k3  minutes. 

What  Is  this  nuclide's  half -life?  .       «  . 


0  . 


b.     How  long.vill  it  take  for  75^  of  the  actiVity  to  he  dissipated? 


191 
'194 


1.  •  In  the  A-Z  notation        ,  Z-   =   nuipber  of  protons,  and  number  of 
neutrons    =  A-Z. 


a. 


b. 


60, 
Z7 


Co 


Protons :  27 

Neutrons:    60  -  27    =  33 


238„' 


92 


U 


208. 
82 


Protons:     .92 i 
.  Neutrons  :s  238  -  92    =  'li+6 

Pb  '  '  - 


Protons :    •  82  ^         ,  '   . ' 

c  Neutrons :  •  208  -  82    -  126 

for  an  atom  to  be  electrically  ,neutx*al,  it  must  have  as,  many  electrons 
as; proton^;  therefore,  ,  , 


^     Obtain  mass  from  page  51^  25. 

1    lU. 003.07'+  amu  Jn^--    I.OO8665  amu  '  . 

*     L     •        U. 002603  amu  .  17r,     ,   17.002096  amu 

2"^    "    lB,0a5677  anni  ■         '  •      9  18.010761  amu  . 

*NOTE:  ^  The  mas^  of  ^He  is  used  rather  than  the  mass  of       to  make  the 
'  ,         electron  masses  balance  across  the  equation. 

Determine  Mass -Defect.  •'       '         »  ' 

■  '       18.010761  '  "  " 

-18.005677     ,      .•  .  ■ 

-  *  0.00508^  amu- 

0  OO508U  ,amu,x  931.^+8  Mev/amu  =  jK7356W_^ev.    Since  the  mass  of 
the  product  is  greater  than. the  mass  of  the  reactants  the  reaction 
required  energy  to  be  added  to  maKe  the  reaction  proceefl.    As  the 
original  equation  was  written  this  energy  term  is  theft  negative. 

i.    a.    '''■^As  has  tfie  following  gummas  (page  256,  Pam  25): 

E,    =    0.'511  Mev 
1       '  .        '  / 

Eg    =    0.175  Mev 

Use  the. most  energetic  gamma;  or  0.511_MeY' 

b.    -"^^^I  has  the  following  gammas  (page  298;,  Pam  25): 

*  ■ 

E^  '  =  O.U19  Mev 
E„    =  •  0.538  Mey 

E-    =    0.669  Mev  • 
3        •  .  • 

Ej^    =    0.7^+3  Mev 


E,.    =    1.15  Mev  Q 

Use  the  most  energetic  gamma  or  lj_j^eY. 

^  196 
196 


♦  129 

c,.  Te  has  the  following  gaminas  (page  296,  Pam  25): 

=    1.03  Mev       (1.5^)      ,  -.  ' 

o.9i  r.fev       (0.5^)  •  , 


52  JT 


■f 


Efc    >*J:.i;55  Mev  (I3i) 

I 

=    0,275  Mev  <il,7i) 
U^e  the  most  energetic  gainma  which  occurs  3^  or  greater  -  0.1+55  M^v. 
.  "^"^"^Ag  has^the  follov;ing  gammas  (page  282,  Pam  25): 
=    0.3h2  Mev  ^  -  ,  '  . 

=    0.2^7  Mev  '  \'  ' 


5-      1  rad  = 


Use  the  most  energetic  gamma  or  0.3^2  y^v. 
lOO'er^^s 


:i§0._erg£    _    20  ergs 

0.2  rad 


9  grams  gm 
20 


100  ergs/gm/rad 


6*      a.     H   ^    0.0589  orn'/gm  (page  133,  P'.m'25)' 

"   b,.     H    =    O.0if25.  cm^/gm  (page  I38,  Pam  25) 

c,     ^    =  .0.050 'cm^/gm  (page  137,  Pam  25)'., 
7.      a.     0    =    ?.9U  gm/om-^  for  copper  (page "65,  Pam-25) 
^xp    =    (0.0589/(8.9^)    =    0,527  cm"^ 


0 


P  = 


-t  : 

7.86  gm/cm^  for  iron  (page '65,  Pam  25  )  // 

'// 

u    =   ^xP    =    (O.0U25)(7,86)    =^  0.33^  cm//"  , 
?.699  gm/cm   for  aluminlim  (page  6/5,J^ajn  25) 


4r 


Y       _  0-693 

^-    V  ^  iai-CJ!?-f°r_coS£er 

^"  "    oTlfl   "    2:.07  cm  for  iron^ 

\l2   =   §71350   ^      13-91!!- f2£.§j^^21jg  - 

a.  1  curie    =  ,3-7  x  lO'''^  dis/sec  j 

•  7.2-x  10|^     ^    1.95 -curies  '  '       '  ' 
.  •3.7.x  10"''^     •   ■  : — 

6 

b.  1  curie    =  .10-  fiCi 

^  ... 

6         •  '        »      -  . 

•  1,9?  X  10  iJiCi 

3 '  rad  Qf  beta  x  RBE  of  1  =  '  3  rem 

r  of  gamma  x  RBE  of  1  '         =  ^>em 

O.h  rad  of  fast  neutron  x  RBE  of  10  =5  3:em 

0.25  rad  of  *  slow  neutron,  x  RBE  of  5  =    l>g5  rem- 

•    TOTAL  DCfSE       =  13 .-25  rem' 

a.  0.19^1  sec  (page  2^9^  ^^m  25) 

b.  38.0  hours  (page  291,  Para  25)  '         '  ' 

c.  10.1  hours  (page  .373,  Pam  25)         ®  • 

d. "'  liK)  days  (page  336,  Pam  25) 

2 

R    =    2550  mg/cm    (page*123,  Pam  25) 

0    =    10.50  gm/cm^  (page  65,  Pain  25) 
X    1    £   =    2g50mgZcmi.^  51.3 

P  10,500  mg/cm-'  =^^:rTi=2r=r 


198 

198 


.      r^a         ,  c    -  1  hour 

hr  60  min 

-•.075  rad  or  7p  mrad 
^    320  mrad/hr  ' 

-    53.5.^rs  (page  252,  ?am  25)-  ' 


/ 


P 

0 


=v   1.7  (2^  Tatie)' 


-1 

(1.7)(58.5) 


99.^  hours    ss  -4  days,  3|  hours 

/,  \    68^         o         68  /        '  '  ■      ■  - 

(1}  .^e    +    3pZn    +    Q  (Decays  by  p",  p  252,  Pam  25) 

or  from  page^r,-^"^  25,    you  caii  read  directly  ^^Zn  '.  < 

(2)    "^^F  decays  by  of  the  time  and  EC  1%  of  the  time 

(page  235,  Pam  25)     •  •  ' 

18„        o    ^    18.     '  "~  . 

18-,    ^    0  18^  ^ 


Ur  from  "page,  72,    Pam  25,    you  can  read  directly 
199  .      .      '      •  ' 

19"9 


?  (3) 


PPT 

Q.Ac  decays  by  Or  (page  365 j  Pam  25) 


217^ 


Or  from  page  83,     Pam  25,    you  can  read  directly  g^r 

■'■^^Er  decays  by  EC  '{page--526T"Pain  ^25)  *  '  -  ■  — 

165. 


68 
165. 


68^^   ^  -1^ 


67 


Hr     +  Q 


Or  from  page  8I,  ^  Pam  25,    you  can  read  direC^ly  """^^o 


(1)    ^Li  / 


(2) 


33, 


(3)    gNi  ^ 


•35' 


1  r    =    1  esu/cc  of 


n  + 

0 

n 

1  • 

n 

0 

1 

n  -* 

gHe  + 

0 

air 

Be  '+ 


It 

33 


15 
63 


P    +  Q 


:Ni    +  Q 


6  esu 

0.25  esu 

.  24  cc 

\cc 

1  esu/cc 

GJVEN: 

S    =    ^.509  rhiri 

FIND  R 

at  surface 

d  = 

1 

♦  5  metersj  .  0 

78/ 

33 


0.25  r 


Rn  = 


0.509 
(.5)^ 


=    2.036  rad/hr  at  surface 

R      =    2036  mra^/hr 

=    200  mrad/hr 

u/p  for  .905  Mev  gamma  in  lead 
=  0.0T9T  cm^gm 


ii   =    u/p   X    p    =  O.OT97  X  11.35     =   0.905  cm 


2 


0.693 


n  = 


200 

200 


.  Beta  energjee  and  %'s  for  *^^Zr;  (page  S^S,  ParrTzS) 
0.89  Me^J,(?%^,  '  .  ' 

0.396  Mev  (49%)  '     .       ^.       '  , 

0.360  Mev  (49%)  '  '      '  '■  . 

Beta  energies  for  *^^Nb  (page  393,  Earn  25) 
0.  1597 '(^100%) 

Beta  energy  (max)  =  0.  396  Mev 

p  5=^1.80  gm/cm^x  1000  mgm/gm  =  1800'mg/cm3, 

".-R        113    ■       ^„  -2 
:X  =  —  =  jgQQ-  =   6.28   X   10    ,cm  , 


Source  strength; 
GIVEN;  S  =  59.8  rhm 


P  =  \  "  =  P^-.Q,  =  665  ra;i/hr 
^o       d2  (0.3)2 

R    -  S 

Ro  =  i^^^"'  =1.5  ^ad/hr 
(l)'^ 


D  =  R.  X  T 

D   =   1.5:rad/hr  x  -i- 

6a 

D   =  =   0.0«75  rad 

D  =   75  mrad 


•  201 

* 

201 


b.    Rq  =  S/d2 

1 . 5  rhrp     .1.5  . 

'  Rq  =   2   -  ~~r-   -  0.375  rad/hr 

°       .  (2)  -  4 

•D  =  R  X  T  »       ' , 

D  =.  0.375  rad/hr  x  "  ^ 

60 


D  =  0.03125  rad 
.    D  =  31.25  mrad 


R  -  Rq   -   O.U"fro   «   0.6  Rq 

t  «  ^^5  join 

,        H  "  ' 

on  jo  „     1    -  i.'66t 

^  '  R    =   0.6  Ro  0-^ 


0.7  )  V 

''t        n    ■  O.T 


n  = 


b.     Rq  =  Ro  ^ 

R  =  Ro  -  .  0.75  Ho   =    0-25  Ro 

'     t  «  ? 

•    't^  s  min 


Ro  «o 


0.25  Ro  ,0-25 
n.    =    2    ■  ' 

t  ■=   nt^  =    ( 2) (6lv. 3  mm).  -    128.6  minutes 


202 
202 


J 
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Lesson  Dbjecti^s  and  Notes 

^A.      Discussion  of  purpose  of  radiation  dosimetry^'  types v.of  dosimeters^ 
ry,  maintenance  and  calculations*  for  ion  chamber  dosimeters. 


B.r-  Charging  procedures  for  ion  chamber^  dosimeters. 


C*     Theory,  operation,  functioning  and  employment  of  ion<.cl;iamber , 
area  radiological  survey  meters. 

D.'    ^e  operation,  use  and  maintenance  of  the  AN/PDR-27(^)  Radiac 
Set. 


4 


ERIC 


204 

203 


0 


1»    Film^  badge  dosimeter 

a*    Principle  of  detection 


b.  Composition 

c.  Film  badge  sei^ce 


2,    Standard  Ionization  Chanj^r' Dosimeters 
a*    Principle  pf  operation  - 


ERLC 


3. 


General  characteristics  ' 

IM93(  )/UD 

Range    *  ' 
Use 

Basis  of  issue  •        '  2/Platoon 
Leakage  rate  12  Rad/2/f  hr 

Accuracy 

Radiation  detected  Residual 

gamma 

Me^ures  '      Total  dose  ^ 


c»    Cperator  maintenance 

(1) *  Cleaning 

(2)  Decontaminating 

(  -i)    Maintaining  charge 

Checking  leakage  rate-  - 
Radlac  Detector  Charger,  PP1578A/PD 
a*  Use 


IKU7/PD 


IM9(  )/Pb 


l/lodivldujr  1/lndividual 

i  Rad/24' m  4  Mrad/24  hr 

Re  sidual  Residual 
'gamma    .  gamma 

Total  dose-  Total  dose 
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b,  Conjponents^ 

c.  Chargjjig  procedure 


d.  Maintenaince 

(1)  Cleaning 

(2)  Testing 
4.    Correction  Factor 


CF  = 


Actual  dos6 


Scale  reading 

5.     Ionization  chamber  dose  rate  instruments 
a,  .Principle  of  operation 


.b*    Radiacmeter,  IM-174/PD 

(1)  -Characteristics 

(a)  ,  Use 

(b)  Measures 

(c)  ^  Status* 

(d)  Battery  life 

(e)  Accuracy 

(2)  Operating  controls 
'  (a)    Zero  control* 

(b)    Check  switch 
'  1.    Zero  * 

2.    Check  • 


4»  Elec  cal 
^»  Linearity 
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(3)^  Operating  procedxxre 


(4)  ,  Maintenance 


Radiacmeter,  IM-17W/FD. 

(1)  Characteristics  ^ 

(a)  Use 

(b)  Measures 

( c )  Status 

(d)  Battery  life 
(e^)  Accuracy 

(2)  •  Operating  controls 

(a)    Off-set  control 
^    (b)    Check  svd.tch 

(3)  ^Operating  procediire 


(4)  Maintenance 


&•     Geiger -Mueller  instruments 
a»     Principle  of  operation 


b.    Radiac  Set,  AN/PDRr:27(  ) 

* 

(1)  Components 


-(2)    Radiacmeter,  IM-lAl 
(a)    Use  ^ 
(,b)  Measures 

(c)  Detects 

(d)  Range 

(e)  Battery  life  ,\ 

(f)  Status 
(3)-  Employment 


(U)  Maintenance 


(5)    Ciriniit  check 


^     Practice  problems*. 


A  soldier  has  no  dosimeter  charger,  but  enters  a  coftlaminated' 
area  with  a  dosimeter  which  read  35        when  issued  to  hin» 
What  dosage  did  he  receive  if  his  dosimeter  (corarection  factor 
1,05)  read  90  rad  when  he  left  the  contaminated  area? 

ANSWER 


2.,     What  would  i  e  -tJje  dose  recorded  on  in  IM-93  dosimeter  if  it 
were  chart^cd  to  zero  and  then  exposed. for  2k  minutes  at  a' 
distance  of  ^0  centimeters  from  a  iSO  rhm*  source?  Connection 
factor  -  I. 00.  '    ,       .  \ 

'  ANSWER 


3,     A  dosimeter  has  a  corPfection  factor  of  O.90.    If  the  dosimeter 
indicates  a  dose  of  85" rad,  what  is'the  actual  do«e  absorbed? 

ANSWER 
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A  dosimeter  indicates-  110  mrad  when  it  is  known  that  the 
actual'  absorbed  dose  is  120  mrad. 

Q.,     What  is  the  correction  factor  fer  this  dosimeter? 
,  ANSWER   


b.    ;  The  accuracy  stjould  be  lOjt.    Should  the  dosimeter  be 
't^umed  in  for^disposal? 

ANSWER         '  "  ' 


A- dosimeter  (Correction'  factor  1.2)  when  plaiced  1  meter 
from'  aUc  unknown  source^for  2^  minutes  reads  83  mrad.  What 
is  the  strength  of  theu'source  in  mrhm? 


ANSWER 
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8.     Solutions  to  practice  problems* 

9 

*     h     11/     Total  r)oae  (^"^^0    ^     F-ltiaJ.  Reading   •   Initial  ReruUng 


I 


•X)  rod  -  35  r»d  , 
5^>  rad  on  dosimeter. 


'    180  rhm        2if  ^  ^ 

*  2    ^   Co  288  rad 

(0.5  m) 


or,  uuin^^  R 


and  D  '  =    R    x  T 


(0,5  m) 


D    -  -720  rad/hr,  x   |^  hr    ^    288  rad 


•I 

3.      D    ^  •  CF    X  CK 

# 

I)        O.^X)    X    8S  7-ad        76.5  rad 


;Llu  mrad 


I.,      U  -  r.H    =    io  mrad 


,  -    0,08    or  8vi;  NO 
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5.    SR  be  ,.CF   -  D  * 

83  mrad  x   1.2   «   99.6  mrad 


S   «  ij   X    d  -  . 

S   «    99*6  mrad  x  ||  hr   x   (1  m)^ 


249  'mrhm 


or,  using  R   «   ^  and  S    »   R   x  d^, 

1 


\         ,  60 


R  »   99,6  mrad  hr 


<'      R        249  mrad/ftr 
249  mrad/hr 

249  mrhm  ^       ^  '  .  ^ 


2 

S   «  V  249  mrad/hr   x    (l.m)  . 


1^ 


er|c  ^ 
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Laboi'ator/  Exercise.  *  '  '  -  - 

A.  The  class  will  be- divided  intp  groups  of  two.    In  each  group  one 
man^will  take  the  readings  and  the  other  will  record  d^ta.  The 
members  of  eachjju-oup  will  change  duties  during  the  exercise  in 
order  that  each  person  will  have  a  chance  to  monitor  with  the 
instrument. 

B.  In  the  laboratory  there^ are  pieces  of  contaminated  equipment  in 
plastic  bags,    ^ach  bag  is  lettered.    The  item  in  each  bag  MAY 
tie  contaminated  with  betaV-or  beta  and  gamma  emitters.-  - 

C.  Each  group  will  monitor  the  bags  to  determine  which  equipment  is 
contaminated;  and  if"  contaminated,  determine  the  kind  of  radiation 
being  emitted.   Indicate  your  answer  by  placing  a  check  (>/)  in 
the  proper  column  of  the  date  sheet. 

D.  Safety  regxi^ations.  ^  ^        .  ' 
\.      Handle  the  plastic  bags  only  by  the  edges.  * 

2.  'Inform  the  instructor  if  you 'find  a  rip  or  tear  in  any  of 

the  plastic  bags.  / 

3.  After  compi'eting  the  exercise,  the  instrument  manf  in  each    ^  ^ 
i^roup  will  monitor  the  hands  and  the  soles  of  the  shoes  of  ;^ 
■the  other  man  in  Hi's  group.    He  will  then  turn  the  instru- 
.menti  over  to  the  man  who  will  monitpr  him  in  the  6,ame  mannea^;. , 

'    If  AM  readings  higher  than  the  background  are  Obtained, 
-immediately  inform  tTie,  instructor.  / 
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DATA  SHEET  -  GM  INSTRUMENTS 


Article  * 

bv 
Letter 

Type  pf 
Contamination 

B  &  G 

NONE 

»^ 
f 

A- 

r 

D 

E 

F 

G 

- 

H  ' 

I 

J      '  '  -.. 

K 

1 

•  L 

M 

Q 

N 

0  ' 

? 

P 

\ 

Q 

R 

S          '  . 

T 
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Questions^    Circle  the  lett^r^s)  corresponding  to  .the  correct  answer{s). 

r.  '   The  radiacmeter  IM-XUl  of  the  AN/PDR-27(J>-radiac^  seV 
measures  gamina  radiation  on  four  scales.    They  are 


A. 

.6f^^  mrad/hr.  ^ 

B. 

0-10  mrad/hr.  ^ 

o\ 

0-lOQ  mrad/hr.  • 

0-5  mrad/hr. 

E. 

0-^50  mrad/hr. 

-  F. 

,  0-Uo  mrad/hr^. 

m 

It 

0-0.5  rad/hr. 

2,    /Wh^t  types  of  radiafion  are  detected  or  measured  by  the 
/  IM-IUI  radiacmeter  of  the  AN/PDR-2t(J)  radi^c  set?.' 

/  A. 

/ 

Alpha 

/ 

Be^ 

Ultraviolet 

'  E. 

Gamma 
Neutrons 

3.      You  are  monitorijig  a, pistol  belt  in  a  0.1  mrad/hr  background 
area.    With  tH^probe  shield  open  you^read  U  mrad/hr,  with 
it  closed  you  read  0.1  mrad/hr.    You  conclude  that  the  pistol 
belt  is  .    /    ^  " 

•  * 

A.      contaminated  vith  beta  and  gamm&  emitters. 
'  I       B?     contaminated  with  beta  emitters  only. .  ^  '* 
C.      cpnt&ninated  with  gamma  emitters  only. 
D*.      ppobably  ncft  contaminated. 

•  ■  ■  •  "  •     .  •  ,. 
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^The  main  reason  a  (34  radiacmeter  of  the  AN/PDR-STt^')  radiac 
set  is  more  sensitive  than  the  IM-17V^       meter  is  that 

A.  it  uses  electrical  collection  of  ions  principle 

B.  it  has  better  construction 

C.  it  makes  use  of  gas  amplification 

D.  it  has  thinner  detector  tubes 

E.  it  detects  beta  radiation 

You  are  monitoring  a  helmet  in  a  0.1  rarad/hr  background  area. 
With  th/B  shi-eld  on  the  probe, open  the  outside  reads  if. 5  mrad/h: 
and  tjtie  inside^reads  3  mrad/hr;  with  Ithe  shield  closed  th6  out- 
side and  inside  read  3  ,mrad/hr.  ^  From  this  you  conclude  that  , 
the  outside  is 

•  * 

A.  contaminated  with  beta  and  gamma  emitters 

B.  "  contaminated  with  b^fe-ffa  emitt,^rs  only  '      "  * 

C.  .    contaminated  vith  alpha  emitters  only- 

D.  probably  not  contaminated 

You  are  monitoring  a  pistol  ^beltjkrfTthe  same  area.  With 
probe  'Shield  open  you  read  3  ™^^/hr^  with  it  closed  you 
read  1  mrad/h^   You  conclude  that  the  pistol  belt  is" 


A.  contaminated- with,  beta  and  gamma  emitters 

B.  contaminated  with  beta  emitters  only 

C.  *  contaminated  with  gamma  emitters  only  • 

D.  probablj)-  not  contaminated  '  • 
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You  are  performing  a  battery  check  of  the  IM- 1^4-1  radietcmeter 
of  the  M/PDR-27(J)  radiac  set.    The  meter  needle  stops  to 
thi^  left  of  the  B&TH  mark  on  the  <34al.    You  should,  replace  — 

A..     two  batteries  .  \* 

one  balftery 

three  batteries 


all  the  batteries 
four&»tti4ries 

The  IM-li4-l  radiacmf^^ljg' of  the  'AN/PDR-27(J)  radiac  set  is  r- 

A.  ^  an  Army  standard  "A"  personnel  and  equipment  survey    •  , 

radiacmeter  -  ^'  .  • 

B.  •  the  Army  standard  "B"  ^personnel  and  equipment  survey:,  / 

radiacmeter    '  *  ) 

C.  -the  Army  ^stan^ard   B    area  survey  radiacmeter  '  . 
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D.      the  Army  standai:d  ar^a  sur.vey  radiacmeter 

Wh^n  using  the  IM-1^1  radiacmeter  of  the  AN/pDR-27(J)  radiac 
set  on  the  5  mrad/hr  scale,  the  probe  should  be  — 

«. « 

A,      slanted  to  ^he  surface  b\jt  not,  touching  the  area  Toeing 
.   monitored  « 


but 

I 


B.  located  in  its  carrying  Well  at  the  rear  of  the  AN/PDR-. 
2t(J)  '  - 

C.  tou6hing  and  perpendicular  to  the  surface  being  monitored 

D.  perpe\idicular  to,  -but  not  touching  the  surface  being 
monitored  .         .  - 
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DF170  -  STANDARDS  FOR  JROTECTION 

Reference:  Title  10,  Part  19  and  20,  Code  of  Federal  Regulations, 
paragraph  19. 1-19.31,  20.1-20.5,  20.101-20.207,  20.40 1-20. 60 1, 
Appendix  B  and  C  {see  Appendix  I,  Radiological  Safety  Handbook). 

student  Performance  Objectives: 

A.    Definition  of  terms.    Give  a  brief  explanation  of  the  following  terms:' 

1.  Byproduct,  material. 

2.  Special  nuclear  material.  ^ 

3.  ^Source  material. 

h.'   Ionizing  radiation.  ^         ,  , 

5.  Occupational  exposure  to  ionizing  radiation. 

6.  Radiological  protection  officer, 

7.  Restricted  area.  " 

8.  Unrestricted  area. 

9.  Dose.  .  ' 

10.  Rad.        -  '    '  '  ■ 

11.  Rem. 

12.  RBE»  '        .  r 
E.    Dos.e  limits  and  dose  recording  regulations: 

'1.    Give,  a  brief  explanation  of  each  of  the  following  areas* 
a.    Dosage  to  minors.  ,  '  , '  . 

.  b.    Quarterly  reporting.  ^ 

c.  Occupational  dose.  ^  ^ 

d.  Use  of  equation  5(nrl8). 

e.  Calculation  of  working  overall  dosaget '  *  ^ 

f.  Permissible  level,  if  an  \anused  backlog  is  available  (3rem/quarter) . 

s 

•gl    No  records  trfaintained  level  and  why; 
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h.  Army's  record  maintenance. 

i.  Emergency  dosage. 

j.    Medical  diagnosis  and  therapy.  ^ 

2.  Forms  used;     '  *  ^ 

a.  NRC  Form  4.  '  ^ "  -  • 

« 

b.  NRC  Form  S.  -  *  '  , 

c.  DD  Form  11*^1. 

3.  Importance  of  particle  size  and  appendix  B  of  10  CFR  20; 

t  t 

.  a.    General  population  restriction.      |     f  - 

b.  Radia'tion*^  workers  occupation  of  area, 

c.  Exceeding  the  acceptable  limits  for  any  type  of  worker. 
Dose  limitations  at  edge  of  restricted  area  from  sealed  sources. 

Explain  the  following  areas  of  a  radiation  safety  program: 
1.  Surveys. 

2!    Personnel  monitoring, 

# 

,3*    Caution  signs.       ,  "  <         '  • 

h.    Labels.      ,  '*       "     /  * 

5.  Signals.  < 

\   '  •  '''' 

6.  Instruction  to  personnel.  • 

7.  Posting  of  notices  to  employees.  ♦ 

8.  Proper  storage.  ' 

9.  Proper  waste  disposal* 

'   *  /  •* 

Explain  the  dose  rate  requirement  required,  fox  radiation  and  high 
radiation  areas:  -  ^-^  -/ 

■..221  . 
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E,  Define  the  use  of  the  following  5igns: 

1.  Radiation  area.' 

*  c 

2,  High  radiation  area. 

*      3«    Airborne  radioactive  arear 

r 

Radioactive  ^materials  ♦ 

F.  Give  each  of  the  following  items  required: 

1,    Instructions  to  personnel  u§ing  radiation  areas  (5  items)..    "  ' 
'2/    Postirtg  of  notices  to  employees  (U  items).  '  " 

3'.  Reports  to*eraployees  (present  employees  and  former  employees). 
0       '  NRC  r*eporting  requirement*  (3  types  of  reports)* 
5.   'Responsibility  for  radio^tetlve  materials  at  the  installation  levej.. 


6.    Records,  reports,  and  notifications  in  a^ safety  program. 
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III.'    Handouts.    Vu?Graphs  used  in  DFi70. 
\  A.    Code  of  Federal  regulations . 

TITI.E  10  Atomic  Energy  • 

Part  19  Notices,  Instructions  and  Reports  to  Workers; 

Inspections 

Part  20  ^  Standards  for  Protection^Against  Radiation  - 
Part  30  liicenstng  of  Byproduct  Material   ,  , 

General  Lricense 

Specific  Lficense  ' 

Part  40  Control  of  Source  jAaterial 

Part  7Q  Control  of  Special  Nuclear  Material 

B.  Byproduct  Material.    Any  nuclear  materi^al  (except  sTpecial)  * 
^    yielded  by  exposure  to  the  proces-s  of  pro<5ucing  or  utilizing  special 

material  r  reactor  byproducts  (either  fission  products  or  matericd 
produced  by  induced  reactions).    -  ^ 

C.  Special  Nuclear  Material.  ^.  , 

1.     Plutonium,  Uranium-Z33,  uranium  enriched  in  isotopes  233 
or  235,  or  any  other  material  determined  by  NRC. 

•  V  •  '     ■     '  ■  .  ' 

^         i  2.    'Any  material  artificially  enriched  by  1.  aSove. 

-   \---  •  — ■  

3.     Does  not  iyiclude  source  nnaterial. 

D.  Source  Mater ia^r"NAny  material  except  special  nuclear  a|^erial  I 
.     which  contains  by  ^^ight,  1/20"  of  1%  (0.05%)  or  moreOj^Ranium, 

thorium,  or  an\uc;^bination  thereof.  -r*^  *        ^  ^ 


E.     Terms  From  AR  40-14.  -  '  , 

1.  Ionizing  radiation.  Electromagnetic  or  particulate  radiation, 
^      which  may  cause  ionization  within  the  cells  or  tissue  of  the 

1       .     ,      ^body.    For  the  purpose  of  this  regulation,  alpha  and  beta. 

\      \  particles*  gamma  rays,  X-rays,  and  neutrons  are  examples 

•  .of  typ€fs  of  ionizihg  radiation.         '         -  ' 
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2*     Occupational  exposure  to  ionizing  radiation.    An  exposure 

incurred  as  a. result  of  an  individual's  employment. or  duties* 
Occupational  exposure^hail  not  be  deemed  to  include  the 
exposure  of  an  ^individual  to  Sources  of  ionizing  radiation 
for  the  purpose  of  medical  or  dental  diagnosis  or  therapy ♦ 

3.     User.    The  activity,  section,  diyision,  or  other  organizational 
unit  which  has  been  assigned  responsibility  for  the  use, 
operation,  or  storage  of  radiation  sources. 

Radiation  Sources.    Material,  equipment,  or  devices  which 
generate  or  are  capable  of  generating  ionizing  radiation  including: 

1.  NatuTal-occurring  radioactive  materials. 

2.  Byproduct  materials. 

3.  Source  materials. 

4.  Special  nuclear  materials.  ' 
Fissioh  products. 

6.  Materials  containing  induced  or  deposited  radioactivity*  ' 

'I  •  ^ 

7.  Nuclear  reactors.  * 

8.  Radiographic  and  fluoroscopic  equipment. 

9.  Particle  generators  ai>d  accelerators. 

10.     Radiofrequency  generators  such  as  certain  klystrons  and 
magnetrons  whicli  produce*. X-rays. 

Radiation  Protection  Officfer.    An  individual  designated  by  the  , 
commander  to  provide  consultation  ar^d  advice  on  the  degree  of 
hazards  associated  with  ionizing  radiation  and  the  effectivenesss 
of  measuresj  to  control  these  liazards'.   This  individual  &hall  be 
technically  qualified  by  A^irtue  of  education,  military  training, 
and/or  professional  eicperjence  to  assure  a  capability  commensurate 
'  with  tjie  assignment. 
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Definition  of  terms  on  areas 


!•     Restricted  area.    Any  area  that  the  access  to  is  .controlled  by 
the  licensee  for  protection  against  radiation!    Shall  not  include 
,    residential  quarters.    Separate  room  or  rooms  in  residential 
quarters  may  be  ^et  apart  as  a  restricted  area. 

2.  Unrestricted  area.    Any  area  that  the  access  to  is  not 
controlled  by  licejisee,  and^ny  aJrea  used  for  residential 
quarters. 

3.  A  room  or  series  of  rooms  in  a  house  may  be  restricted  but 
^not  the  whole  house. 

Dose. 

1.  The  quantity  of  radiation  absorbed,  per  unit  of  mass  by  the 
body,  or  any  portion  of  the  body. 

2.  Rad.    The  dose  of  ^ny  ionizing  radiation  to  body  tissue  in  terms 
of  the  energy  absorbed  p^er  unit  mass  of  the  tissue  (100  erg/gm). 

Rem. 

1.  Dose  of  any  ionizing  radiation  to  body  tissues  in  terms  of  its 
estimated  biological  effect  relative  to  a  dose  of  I  roentgen 

of  X-^rays .  ' 

/  f 

2,  Equivalent  to  1  rem:  .. 

1  roentgen       gamma  or  X-ray. 

1  rad  gamma,  beta,  or  X-ray.  '  , 

0.  1  rad  neutrons  or  high  energy  protons. 

0.05  rad  particles  heavier  than  protons  with- sxifficient 

energy  to  reach  the  eyes. 
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K#    Ivlaximum  permissible  dose. 


Records  Maintained 

No  Records  Maintained 

Part  of  Body 
Exposed 

Quarter 

Year 

Occupation 
Dose 

1. 

Whole  body 

3 

12 

5(n-l8) s 

1.25 

2. 

Head  &  trunk 

r 

3. 

Blood  foming 
organs 

H 

k. 

Len^  of  eye 

V 

5. 

Gonads  ^ 

1. 

Hands  and 
forearms 

1&.75 

75 

18.75 

2.^ 

Feet  and 
ankles 

• 

1. 

Skin  of 
whole  body 

7.5 

30 

7.5 

Minors  -  10%  of  no  records  maintained. 

V 

L.  -  Airborne  radioactive  materials.   Aiiy  material  dispersed  in  the  air. 


Gases' 


Natural  Formless  State 


Particles 
Solid 
•Dust 
Fumes 
Smoke 

Liquid 
Fog 
Mist 


Submici-oscopic  -  microscopic 
Less  than  1  micron 
Less  than  0.5  macron 

Subnicron  droplets 
0.1  -  25  microns 


Micron  =  0.001  mm 
Submicron  =  less  than  a  micron 
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M.    Effects  of  particles  size. 
«  « 

Micron 

1-10 
A  10;50 

N.    Unrestricted^  area. 


V 


'Retention 

Large  percent  exhaled 
Large  percent  retained^ 
Usually  trapped  in  the  upper 
respiratory  tract 


DOSE,  RATE  AT  EDGE  OF  RESTRICTED  AREA 


Exposure ^ 
1  hr 

Continuous  exposure 
7  consecutive  days 
1  year 


'  MPE 

2  mrad/hr 

0.  59  mrad/hr 
0.  059  mrad/hr 


Dose 
2  mr.em 

100  mrem 
0/5-'rem 


Precautionary  measures.  Precautionary  measures  that 
are  required  to  be  carried  out. 

1.  Surveys. 

2.  Personnel  monitoring. 

3.  Caution  signs. 

4.  Labels.  ^ 
-  5.  Signals. 

*^ 

6.  'Instruction  of  personnel.   

7.  Posting  of  notices  to  employees- 


8.-     Propef*  storage. 


\ 


9.     Proper  waste  disposal'. 
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p.'.  Radiation, 


Radiation larea.    Any  area  in  which  thete  exists  radiation 
at  such  levels  that  amiajor  portion'of  the' body  could  receive 
a  dose  in 

1  hour   r   5  -mrem 

^  ^/Consecutive  days  — t — ^  ^  —  100  mrem, 

>2.     High  radiation  area.    Any  area  in  which  there  exists  radiation 
at  sucji  levels  that  a  .majpr.  portion  of  the  body  could  receive 
a  dose,in  1  hour  —  greater  than  100  "mrern. 


Caution  Signs. 

1.  Caution  -  radiation  area. 

2.  Caution  -  high  ;radiatioh  area. 

3.  Caution     airborne  radioactive  area. 

4.  Caution  -  Radioactive  material.  , 


^  Quantity  ^ 

Kind  ' 
Date  of  measurement 

Labels  or  signs  are  not  required  ik  they  do  not  exceed  the  following: 


a. 


b. 


1  *  J 


The  concentration  I     water  is  not  greater  than  the  ^ 
limits  spe9ified  in^.annex  B,  table  1,  column       iO  CFR20. 

For  laboratory  containers  used  transiently  in  the 
laboratory  procedur^,  if  the  attendant  is  present. 


)si- sealed  source  if  the  radiation 
tAe  surface  is  less  than*5  mrad/hr. 


Room  or  area  with 
level  1  foot  frorr 

Rooms  or  areas  ir  hospitals  due  to  presence  of 
patients  with'  radioactive  material,  provided  there 
are  attendants  present  .to  prevent  the  exposure  of  . 
other  individual^  in  excess  of  Uhe  limits.  / 

Rooms  or* areas  containing* material  less  than  8  hours  .* 
provided  — 
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.(1)    'fhey  are  c^ohstantly  attended*        .  ' 

(2)  That  precautioi>gj-y  measures  are  taken  to  prevent  Over- 
exposure of  personnel* 

«  ,  *» 

(3) ^  That  the  area  is  subject  to  licensee's  control. 
Records.    Each  licensee  shall  maintain  the  following: 
1.'    Form  NRC  4  (hislory)*      .-^        .  ,  . 

:2.     Form  NRC  5  (current  exposure). 

3.  Results  of  surveys.  1  ^ 

4.  Record  of  waste  disposal. 

a.  Sanitary  sewage  systems. 

b.  Burial  in  soil.  '  , 

5\'    Rec'eipt  and  transfer  of  all  material. 
NRC  Reporting. 

Immediate  notification  ^/  . 

The  Manager  of  WRC  Operations  Office  for  thB  area  will  be 
notified  by  telephone  or  telegram  when 

1.  Exposure  of  any  individual  to 

25  rems  whole  body       ^  ^      ^         ,  ^ 
150  rems  skin  of  whole  body 
375  rems,  feet ankles ,  hands,  and  forearms 

2.  Lpss  of;  one  working  we^k  of  facilities. 

3.  Damage  to  property  in  excess  of  $100,000. 

4,.     Concentrations  released  that  exceed  5,000  times  the  limits 
'  •  specified.  * 

5.  Any  loss  or  theft  of  licensed  material. 
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Twenty-four-hour  notijfi*c*^ti<5n.  '  *^  ^, 

1.  Exposure  of  any  individual  to 

5  rems  whole  body  , 
30  rems  slj:in  of  whole  body 
75  rems  feet,  ankles,  hands,  forearms'^ 

2.  Loss  of  1  working  day  of  facilities." 

3.  Damage  to  property  in  excess  of  $1,000. 

4.  Concentrations  released  exceeding  500  times  the  ^  . 
limits  specified'. 

.  •  ** 

Thirty-day  reports; 

Each  incident  involving  licensed  m'aterial  which  results 
in  excess  of  any  applicable  limits  set  forth  in  NBC  regulations. 

Instructions  of  personnel  using  radiation  areas': 

1.  Storage,  transfer  or  use  of  radioactive  materials  or  of 
radiation  in  any  portion  of  the  area. 

2.  Where  radiation  is  and  in  what  amount^  .4 

3.  Safety  problems  and  health  protection  pi'oblems  associated 
with  exposure. 

4.  Procedures  to  minimize  exposure. 

5.  Purpose  and  function  of  protective  license. 

6.  Applicable  provisions  of  regulations  and  license  covering  v 
protection  of  personnel  from>  exposure. 

7.  Their  responsibility  to  report  promptly  any  conditions  which 
may  lead  to  a  violation. 

8.  Reports  of  radiation  exposure  which  employees  may  request. 

9.  Appropriate  responses  to  warnings. 
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IV.    Posting  of  notices  to  employees. 

1.  '  .  Copy  of  Title  10,  Parts  19  and  20  CFR,  ^ 

2.  Copy  of  lic€Fnse,  license  conditions,  or  documents  incorporated 
into  the  license  by  reference. 

3.  Copy  of  operating  procedures. 

4.  .  Notice  to  Employees,  Form  NRG  3,  shall  be  conspicuously 

posted  in  a  sufficient  numbeiT  of  places  in  every  establish- 
ment where  employees  ar^  employed  in  activities  —  to  observe 
on  their  way  to  or  from  place  6f  employment, 

5.  Any  notice  of  violation  involving  Tadiological  working 
conditions,  proposed  imposition  of  civil  penalties,  and  any 
response. 

6.  Licensee  may  state  when  these  are  available  if  posting  is 
impractical.        '  * 

?•     ^ny  liotice  of  violation  must  be  posted  within  2  days  Of  receipt 
and  replies  by  the  licensee  must  be  posted  within  2  days 
after  receipt  or  after  it  is  sent  and  remain  until  corrected  or 
for  5  days,  whichever  is  longer. 

W.    Reports  to  Emoioyees. 

1.  Former  ^'mployeesi    Upon  request;  a  report  of  exposure  to 
*^        radiation,  as  shown  by  the  licensee's. recortls,  is  to  be 

furnished  with  30  days.  The  report  must  be  written  and  - 
comply  with  paragraph  19.  13,  10 'CFR  19.  ,  - 

2.  Ptesent  employees.  .Upon  request,  the  licensee  shall  advise 
the  Employee  annually  of  his  exposure  to  radiation  as  shown 

,  in  the  recoijds.    In  cases  of  over  -exposure,  the  employees 

will  be  notified  in^accor dance  with  paragraph  19.  13  10  CFR  }9» 
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mSTRUCTIONS  FOR  PREPARATION  OF  FORM  NRC-4 


^  Thil  fonn  or'»  cltir  ind  leifiblc  record  conUininir  all  the 
infonnftUon  required  on  thii  form  muit  b«  completed  by  each 
licensee  of  the  NuciMr  Rtyyt^t^n^  commission  who » pursuant  to 
Section  20.101^  proposes  to -expose  an  individual  to  a  radia- 
tion dose  in  excess  of  the  a'mounts  specified  in  Section 
20.101(a)  of  the  regulations  in  part  20,  "Standards  for  Pro- 
tection  Afainst  Radiation,"  10 -CFR.  The  requirement  for 
completion  of  this  form  is  contained  in  Section  20.102  of  that 
reculation*  The  information  contained  in  this  form  is  used 
for  estimating  the  accumulated  occupational  dose  of  the  in- 
dividual for  whom  the  form  ia  completed  A  separate  form 
shall  be  completed  for  each  individual  to  be  exposed  to  a 
radiation  dose  in  excess  of  the  limits  specified  in  Section 

y  20*101  (a)  of  the  Part  20  regulations. 

Listed  below  by  item  are  instructiqus  and  additional  in- 
formation directly  pertinent  to  completing  this  form: 

IdentiScstion 


Item 
Item 


Item 
Item 


1.  Self-explanatory.  , 

2.  Self-explanatory  except  that,  if  individual  has  no 
social  security  number,  the  ^ord  "none''  shall  be 
inserted 

3.  Self-explsnatory. 

4.  Enter  the  age  in  full  years.  This  is  calM  "N" 
wKen  used  in  calculs^tinr  the  Permissible  Dose. 
N  is  equal  to  the  number  of  years  of  age  of 
mdividual  on  his  Isst  birthday. 


Occupational  Exposure 

Item  5.  List  the  natht  apd  addirsstof  each  pre^pous  em- 
ployer aKd  the  address  of  employm^t.  Start 
with  the  most  recent  employer  and  Wirk  back. 

ImAamIc  only  those  periods  of  employment  since 
j^jfKt  eighteenth,  birthday  mvolving;  occupational 
exposure  to  radiation.  For  periods  of  self- employ- 
ment,  insert  the  word  "self-employed," 
"  Item   6.  Giv^  the  dates  of  employment.  *  ^ 

Item   7.  i^ist  periods  during  which  occupational  exposure. 

to  radiation  occurred, 
item   ^.  List  th^  dqse  recorded  for  each  period  of  exposure 
from  I'ecords  of  previous  ocdtipstional  exposure  of 


the  individual  as  calculated  under  Swtion  .20?10^ 
Dose  is  to  b^given  in  rem.  « 

"Dose  to  the  whole  body"  shall  be  deMieS  to  in- 
^  ,  elude  any  dose  to  the  whole  body,  gonads,  active 
blood-forming  origans,  head  and  trunk,  or  lens  of 
eye. 

Calculated  Dose  ^  ^ 

Item   9.  After  each  fntry  in  Item  8  indicate  in  Item  9 
whether  dose  ii  obtaiM  from  records  or  calcu- 
lated in  accordance  with  Section  20.102. 
^  Item  lb.  Sel(-Vxplan3b>^ry. 

Total  Accumulated  Occupational  Dose  (Whole  Body) 

Item  11.  The  total  for  the  whole  body  fg  obtained  by  sum- 
mation of  all  values  in  Item  8.^~~' 

Certification 

Item  12.  U{>on  completion  of  the  report,  the  employee  must 
certify  that  the  information  in  Columns  6,  6,  and  7 
*        is  accurate  and  complete  lo  the  best  of  his  knowl- 
edge. The  date  is  the  date  of  his  signature. 

^Calculations 

-Item  13.  The  lifetime  accumulated  occupational  dose. for 
each  individual  and  ^e  permissibly  dose  under ' 
Section  20.101(b)  are  obtained  by  carrying  out  the 
following  s^ps:  Che  value  for  N  should  be  taken 
from  Item  4.  Su0^|jact  IS^from  N  and  multiply 
the  difference  by  5%*m.  (Fo^^example,  John 
Smith,  age  32;  N--32,  MPh*4l^l8)-.70  rem.) 
Enter  total  exposure  to  date  from  Item  11.  Sub- 
tract  (b)  from  (a)  and  ehter  the  difference  under 
<c).  The  valut  in  (c)  reprints  the  dose  to  the 
whole  body  to  Iwhich  that  individual  can  be  ex- 
posed in  accordance  with  Section  20.101(b).  This 
value  for  permissible  dose  is  to  be  csrried  forward 
to  Fom}NI^C-p,  "Current  Occupational  External 
Radiation  Exposure  (Whole  Body)." 

Item  14.  Self-explanatory- 
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FORM  NRC<5 
(5'«2)  - 


Form  apf  roTcd.  ^ 
lureAu  of  Budget  No.  S8<K120.X 


*  ,  ,         .  U.  S.  ^^UCLEAK  REGULATORY J^OMMISSION 

CURRENT  iDCCUPATIONAL  EXTERNAL  RADIAtlON  EXPOSURE 

S«t  Instruftims  m  iht  Bdck 


2,  fOOAL  fCOWTY  HO. 
• 

< 

0A7C  Of  mm  (Mm*,  yMT) 

1/ 

4.  NAMfOrUCfattCI 

OOCUf  AflONAfc  UVOiUM 


4.  WHOU  lOOY  OOSC  STATUS  (rw») 


7.  MITHOO  Or.MONrrOMNO  (c^.  Hm  Ui^t    Hi  MmI 

~  —  -  -  -  -       ^  -  J 

MIA  


X  Ot  OAMMA  . 


.NCVTKONt. 


t.  WMOOOr  fVOCMC 


DOWfOt  THt  mtOO  (rM) 


t.  X0«  OAMMA 


,     tl.  NIVmON 


It  TOtAl 


CAUNDAt  OUAJRIft 


UrCTMM  ACCUMI 

i4.  ftCVlOVS  TOTAl  (ftM) 

15.  TOTAl  OOAtniHY  DOK 
iM»  rim 

14.  rOTAi  ACCUNWAATED 
DOS<(rMi) 

17.  KtM.  ACC  OOSC  $(Mrlt)(rMi) 

It.  UHVMP  ^AKT  Of  MmMSSIHC  AC- 
'    CUMUUTIO  OOU  tfm) 

\ 

I 
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INSTRUCTIONS  FOR  PREPARATION  OF  FORM  NRC-5 
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The  pfep«'rtiion  ind  MWcetptnf  of  this' form  or  a  c\w*ad\e^p 
record  fooaintn^f  all  thc.inforin«ioo  requifcd  on  thii  focm  U  required 
pursuant  to  Section  20.4OI  of  "Sdmdirdx  for  Frocectjoo  Afaiou  lUdu- 
t»o.'-  10  CFR  2i.  ai  a  cxirtent  record  of  occup«t>ooil  extetn*!  radiation 
expofuret.  Such  a  record  must  be  mainutped  foe  cacK  itxirvkhial  for 
whom  personnel  monitoring  is  required  under  Section  20^02.  Note 
that  a  isparate  Form^|[R05  is  to  be  uied  for.tecordinf  external  ex- 
powreSci)  the  whote  body,  (2)  ikinof  whdebody.  (3)  hands  and 
forearn^;  or  (4)  feet  and  ankles,  as  ptfivtded  by  Item  )  below. 

Us^ed  below  by  item  are  instniaions  and  additiohal  information  di- 
rectly pertinent  to  completing  this  form. 

IdcflCificatioa  < 

Itera  I.  Sdf- explanatory 

Item  2.   Self-explanatory  except  that,  if  individuil  has  nd  social  se- 
curity number,  the  word  "none"  shall  be  ifuerted. 
Item  }.  Sdf-explanatoty. 

Item  4.  Self-explanatory       ^  *    ,  * 

Occupadooal  Exposure  '      •  ^ 

Item  ).  "Dose  to  the  whole  body"  shall  be  deemed  w  include^ any 
dose  to  the  whole  body,  fonads,  active  blcod-formipf  organs.  ^ 
head  and  trunk,  or  lens  of  eye.  Unless  the  lenses  of  the  eyes 
ire  protected  with  eye  shields,  dose  recorded  at  whole  body 
dose  should  include  the  dose  delivered  throufha  tiSMcequiv- 
4lH)t  absorber  having  a  thickness  of  300  mg/cm*  or  less 
When  the  lenses  of  the  eyes  are  protected  with  eye  shields 
having  a  tissue  equivalent  thickness  of  at  least  700  mg/cm\ 
dose  recorded  as  whole  body  dose  should  include  the  dose 
delivered  through  a  tissue  equivalent  absorber  having  a  thick- 
ness of  1.000  mg/cm*  or  less. 

DoK  recorded  as  dose  to  the  skin  of  the  whole  body,  hands 
and  forearms,  or  feet  and  ankles  should  include  the  dose  dei^' 
Itvered  through  a  tissue  equivalent  absorber  having  a  thick-  • 
ness  of  7  mg/cm'  or  less.  The  dose  to  the  skin  of  the  whole 
body,  hands  and  forearms,  or  feet  and  ankles  should  be 
recorded  on  sejJarate  forms  unless  the  dose  to  those  parts  of 
the  body  has  been  included  as  dose  to  the  whole  body  on  a 
form  mainuined  for  recording  whol;  body  exposure. 
Item  6.  This  item  need  be  completed  only  when  the  sheet  is  used  to 
record  whole  body  exposures  and  the  licensee  a  exposing  the 
individual  under  the  provisions  of  Paragraph  20.101(b) 
whKh  allows  up  to  3  rems  per  quarter  to  the  whole  body. 
*  .     Enter  in  this  item  the  unused  part  of  permissible  accumulated 
dose  taken  from  previous  record^  of  exposure,  i.e..  Item  18 
of  the  preceding  FormNROS  or  Item  13  of  P&rin  NR<M  if 
1^  the  individual  s  exposure  during  employment  with  the  licensee 
^     '  begins  With  this  record  - .       '  ' 

Itemr  7.   Indn^te  the  method  used  for  monitonpg  the  individual's  ex- 
'   posure  to  each  type  of  radutton  to  which  he  is  exposed  in  the 
'    course  of  his  duries.    Abbreviations  may  be  used.  ^ 
Item      Doses  received  ov^r  i  period  of  less^an  a  c^endar  quarter 
Wed  not  be  Kparateiy  entered  o<r1ne  form  provided  that  the 
'    tuentee  maintains  a  current  record  of  the  doses  received  by 
the  individual  which  have  not  as  yet  bfen  entered  ^n  the 
'  form.   The  period  of  exposure  should  Jp«i<y  the  dajr  the 
measurement  of  that  exposure  was  ihitiated  and  the  day  on 
which  It  was  terminated.    For  example,  if  only  quarterly 
doses  are  entered.^lhe  period  of  exposure  for  the  first' calendar 
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,    quarter  p(  1962  might  be  caketi  as  numiog  £rom  Uoodty« 
1    January  I.  1962.  though  Friday.  MarA  30.  1962.  aod  would 
I    be  indicated  in  thU  item  as  Jan.  I.  1962-Mir.  30.  1962.  If 
weekly  doses  are  entered,  a  film  baige  Caaued  Monday  mora' 
"   ing.  January  I.  1962,  and  picked  up  Friday,  January  3,  l962» 
would  be  iodiaced  as  Jan.  I,  1962-Jaa.  3.  1962. 
Items  9.  Self-explanatory.   The  values  are  to  be  gWen  in  rem.  All 
10  and   meaauremeota  axj^o  be  interpreted  in  the  bete  oteebod  known 
11.       and  in  accordant  with  Paragraph  20.4(c).   Vberc  calcula- 
tions ase  made  to  determine  dose,  a  copy  of  siich  calculations 
is  to  be  nuincamed  in  conjuoctioo  with  this  record.   In  any, ' 
case  wbere'the  (fose  for  a  calendar  quarter  is  less  than  10% 
of  the  value  speafied  in  Paragraph  20.101(a),  the  phrase 
"leas  than  I0%"  may  be  entered  in  lieu  of  a  numerical  value.  i 
ftem  12.  Add  the  values  under  Items  9, 10  and  11  for  e*ch  period  of 
exposure  and  record  the  total.   In  calculating  the  "Ibtal"  any 
entry  '*le»s  than  1096"  iDay.be  disregarded*  '  ^. 

Item  13.  The  running  tottl  is  to  be  maintained  on  the  basis  of  calendar  ^  ' 
quaners.    Partgtaph  20.3(a)(4)  defines  calendar  quarter. 
No  entry  need  be  made  in  thi|  Item  if-ooly  calendar  quarter 
radiation  dos<s  are  recorded  in  Items  9.  Ip.  1 1  and  12. 

Ufctiine  Accumulated  Do«c  (Whole  Body) 

NoTt:  If  the  licensee  chobsea  to  keep  the  indiyidual'a  expo-  , 
^ure  below  that  permuted  in  Paragraph  20.101  (a).  Items  14  . 
through  IS  need  not  be  completed.   However,  in  that  case 
the  total  whole  body  dose  for  each  calendar  quartet  recorded 
n  item  13  (4r  in  Item  12  if  quarterly  doses  are  entered  in 
Item  12)  should  no(.ncceed  1^  rem. 
If  an  individual  is  exposed  under  the  provisions^f  Paragraph  20.101  (by, 
complete  Items  14  through  II  at  the  end  of  each'alendar  quarter  ai)d  ' 
when  the  sheet  is  filled.  /  Values  in  Item  13.  when  in  the  middle  of  a' 
^calendar Quarter;. jwdialues' in  Item  It.jnust  be  brought  forward  to^  * 
""next  sheet  for  each  individual.  ^ 
Item  14.  Enter  the  previous  /a/if/'jccumulated  dose  from  previous  dose 
records  for  the  individual  (e.g.,'  from  Item  l6  of  Form 
NROS  oT  Item  11  Form  NR04).  Tlie  total  occupational  ' 
radution  dose  recetvecl  by  the  individual  must  be  entered  in  ^ 
this  item,  including  any  occupational  dOse  received  firom 
\      sources  of  radiation  not  licensed  by  the  G>mmission.   |t  the 
individual  was  exposed  to  sources  of  radiation  not  licensed 
V  by  the  Commis>lqo  during  any  calendar  quarter  after  com- 
pleting Form  NR04  and  persoancl  momtoring  equipment 
'     was  not  worn  by  the  individual,  it  should  be  assumed  that 
♦the  individuaf  received  a  dose  of  I  »4        during /|ch  such 
calttida^  quarter.  » '  .  * 

Item  15  Enter  the  total  c^lenda/  quarter.  Jose  from  Item  13  (or  from  . 

Item  \24( quarterly  doses  are  entered  in  Item  12)  aftd  the  ^ 
/     date  designating  the  end  of  the  calendar  quarter  in  which  the 
dose  was  received  (eg..  March  30j  1962).  ■  ^  * 

.  Item  16.  Add  Item  14  and  Item  H  and  enfet  that  sum  f 
'  Item  ll  Obtain  the  Permissible  Accumulated  Dose  (PAD)  h  r^m  for   ,  * 
the  WHOLE  ^pOY. .  "N"  is  equal  to  the  number  of  years 
of  age  of  the  individual  on  his  last  birthday    Subtraa  XH 
from  N  and  multiply  the  diffejence  by  ^  rem  (eg  .  jotin  Smith, 
Jge  32;  N=:32.  PAD=M52-UI)  =  "'0rem). 
Item  X%.  Determine  the  unused  part  of  the  PAD  by  suj>traaing  Item 
*  16  from  Item  17.   The  unused  parrof  the  PAD  is  that  por- 
^  tion  of  the  lifetime  Accumulated  Dose  for  the  mdividual 

:  rem'aining  at  the  end  of  the  period  covered  by  this  sheet  ^ 
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RECORD  OF  OCCUPATIOHAL  EXPOSURE  TO  IONIZING  RADIATION  ' 


FORtNSTKUCXtOHS»  SS^REVBRSZ  OF  SHEBT, 


lOV<Tl  FtCATION 


SAMPLE 


>.  SOCIAL  MCCO^ITy 


4-  rAnic/rati  titlk  or 
^0S1TI0N 


EXPOSURE  OCCURRED 

*  PERIOD 

OF  EXPOSURE 

i.  Method 
_  tMtdir  lt0M 

oosc  THJSPCAlOO 
(twm) 

ding  tmUtt  oth9rwU»  •p 

kS  t<yb9  Ulm 

ACCU«iluUATED<>OSE 
(nm) 



INITIAL 

ACTIVITY 

c 

FROM 

Tn 

SKIf4 

9AM  »4a 

AND 
XtRAt 

to  ' 

NCUTRON 

kit' 

 -* 

TOTAL 

THIS 
VKRtbO 
12 

TOf  AL 
LirCTIMK 

,    >^  * 

.S1BLC 
UrFCTlMC 

5(fhl$} 

PKRSON 
MAKIN« 

If 

oosc 

- 

* 

* 

5 

- 

-  • 

♦ 



t 

i 

# 

X  

t 

1 

I 

~  T  

t 

/  1 

J  1 

 1  1  \  ' 

V  " 

 ?  2  :  ^  - 

» 

_  2_  . 

4. 

— f 

"  J  

i 

* 

• 

•tt 

> 

J«.  REMARKS  (CcoUw  oo  •dttlNonmt  ah»»t  li  n»c»»»4^}                  '    ^  *                    ^  ^ 

1                           %      •  . 
*                                 .       '   *                            '                    ♦           1  ' — t —  i 

1 

• 

^  '    *  1 
1 

TO     RETAIhfED  PERMANENTLY  IN  INDIVIDUAL'S  MEDICAL  RECORD 


ERIC 


PRKVljbVs  C^,TIONS  ARC  OBfOLCTk.  «^ 

^    23r>  •  -  ; 


t 


INSTRUCTJONS  FOR  PREPARATION  OROD  FORM  1141 


ITEM   .  • 
h       -Eater  file,  acrvicc,  bidge»  checks  or  clock  number  by  whjch  individual  it  ctirrently  identified. 

*  2.        Enter  last  n»me»  firal  name,  and  ilUddle  initial'.  U  the.  combination  of  laat  name  and  firat  name 
V      exceeda  19  a;>aces,  enter  laal  name  and  initiala  only. 

3.        Eater  Spcial  Security  number.  ,         ^  . 

4*  >      Enter  in  not  more  than  10  apacea,  rank,  jate»  grade,  tiUe  or  poaiUoh  that  the  ^<*i^^^l      •  ' 
currently  holdmi.  Uae  atandard  aerv^ce  abbreviationa,  e.  g.,  CAPT;  MC;  HMCS;  HM^  SSGT; 
LCPU  etc.  Abbreviate  cjivilitn  occupation  t^tlea  a*  neceasary;  e.  g..  Radiological  Phyaiciat 
to  Rad  Phyaic,  RadiaUon  Phyaiologiat  to  Rd  Physiol;  Electrical  Welder  to  Elec  Wl4r;  etc. 

5.  Enter  rfate  of  birth  by  day,  month,  and  year,  e.  g..  21  Sep  1918. 

6.  Enter  name  of  activity^r  unit,  *  *  -«  ,  » 

7  and  8.     "Period  of  Expoaure."   Enter  the  day,  month,  and  year,  e.  g.  1  Oct  6Z  ^  '  ' 

7.  Enter  the  day,  month,  and  year  expoaure  period  b^gan,       ,  ^ 

8.  Enter  day,  month,  and  year  expoaure  period  ended.  »         ,  ^ 

9  through  12.^    "Doae  Thla  Penod.*'  Enter  radjation  doae  received, thia  period  to  t^iree  decimal  • 
placea,  e.  g.,  02.345  rem.   All  entnea  ahall  be  made  uaing  five  digita  including  ajero*  aa 
neceasary. 

•  ^  • 

9.  Enter  akm  doae  (•olt)  which  includea  low  enargy  gamma  «nd  x-ray  of  ItBaa  than  20  KEV  effecUve 
energy  and  beta  radiaUon.  Total  ak^n  doae  is  the.viaual  addiUon  of  columns  9  and  12, 


10. 


Enter  gamma  and  x-ray  doae  greater  ^than  20  KEV  effective  energy  in  rem. 


11.  ^  Enter  Neutron  dose  in  rem. 

12.  '  Enter  ^um  of  il^ma  10  and  11.       /  *  -  ^     '         -  : 

13.  Add  Item  12  to  previou^  item  13,  enter  total  in  item  13.  '  '  ^, 

14.  Enter  permiaaible  dose' calculated  trom  the  age  formula  ,5<N-1^)  rem.  where  N  equals  the  ^  ^ 
*    •  *  present  age  in  ye ara.  .     ^     •       *•  ^  *  ^- 

15.  Recorder  cerufy  entriea  by  initialling.  .     ^     ^     ,  % 

16.  .V  Enter  other  pertinent  information  such  aa  known  expoaure  if^m  internally  depoaited  radioactive 

material 'or  from  any  external  radioactive  sources.'  Des<pribe  briefly  any  acUvity  or  aaaignment 
'     '     bearing  a  potential  for  exposure  and  eatimate  d<yjc-timC  -i»elationahipa,  if  feaaible.  If  this  form 
IS  used  fox  other  than  whole  boBy  and  skin  of  whorle  body,  specify  the  uae:  i.  e.,  hwida  and 
forearms,  feet  and  anklea,  thyroid^  etc  When  recorded  doae  ia  not  o^jlained  from  filig  badge 
readings,  specify  ;vhether  6sUmates  were  obtained  from  pocket  doaimetera,  area  or  air  moni^oi^ng, 
bioassay,  etc.  .      '  •   ^  ' 


y  NOTE:  ' 

\  ,    •  This  record  f  required  on  a//  tndivtdu^U  who  are  employed  by  Or  are  membera     the  Armed  Forces  Mi)d  who 

*  S  have  heen  or  ere  betng  gtcupstionutty  expoued  to  ionizing  radiaf/on.  U  aha//  be  the  responsibility  otemch 
J  activity  of  the  Department  of  Defense  hmving  personniVso  exposed  to  iaitiste  snd  mMintsin  thim  record  in 

accordance  with  AR  40-14/ BUMBDINST  6150,18  series/ AFR  lbl'8/DSAR  4145.24. 

(29  Sept.  196$) 
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^      .    UST  OF  REFERENCES 

*  '  *  '  ed^        *  ^ 

1.  .  Code  of  Federal, Regul^l^^ns.  '* 

a.  Title  10,  Part  19,  Notices,  Instructions  and  Report  of  Workers; 

*         Inspections.    '  .  *  /*"" 

b.  Title  10>  P^rt  20,  Standards  for  Protection  Against  Radiation. 

c.  .  Title -10,  Part  30,  Licensing  of  Byproduct  Material. 

2.  Technical  Bulletins. 

,  '  •  *  '^^"^  .        -  *  ' 

4^*     NBS  "Handbook  73,  Protection  Against  Radiation  from  Sealed 
Gamma  Sources. 

r 

b.  ^"NBS  Handbook  92,  Safe  Handling  of  Radioactive  Materials. 

c.  TB  Sig  «225,  Identification  and  Handling  of  Radioactive  Signal.  ' 

K  V 

1 

-  <  *  *  A 

3;     Army  jlegulacions. 

'  '\ 
a.     AR  40-14,  Control  and  Recording  Procedures  Occupational 
Exposure  to  lohizing  Radiation.  > 

'  ^AR  55-55^  Transportation  of  Radioactive  and  Fissile  Materials 

Other  than  \^eapons. 

c.  ,  AR^*755-15,  Disposal  of  Unwanted  Radioactive  Material. 

4.     Training  Circulars  and  ^ie3,d  Manuals. 

a.  '  FM  3-15,  Nuclear  Acci^^nt  ^Contamination  Control. 

b.  >  •  TM  3-261,'  Handling  and  Disposal  of*  Unwanted  Radioactive  Matei-iaL 


ERIC\. 
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Problems .  '  ' 

1.      In  dealing  vith  regulations  concerning,  r;adioactive  materials 
•three  terms  are  used:    Byproduct  Materials,  Special  Nuclear 
Material. and  Source  Material.    To  vhat  type  of  material  does 
each  term  refer. 


2.     What  total  'amount  ofi^adiation  could  a  man  30  years  ;of  ^age 
have  accumulated  if  recjprds  have  been  maintained  on  his  expo- 
sure since  age  l8? 


230 


243 


A  man.  27  years  of  age  comes  to  you, for  employment.    His  worl:  records 
show  .he  has  received  kl,'i  rem  of  radiation.    What  total  dose  may  he 
receive  in  addition  to  the  dose  he  has  accimiulated?    What  amovuat  of 
this  total  covild  he  receive  in  the  first  quarter  he  works  for  you? 


Upon  hiring  a  new  employee  you  find, he  has  r^o  past  history  as  a  radia- 
tion worker  but  he  has  vorked  in  the  vicinity  of  radiation  before.-  He 
is  21  years  old.    What  dose  may  he  receive  during  this  ye'ar? 


240 
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Determine  whether  the  areas  listed  should  be>6stricted  or  unre 
stricted.    All  values  are  for  air.' 


210 
a.  Bi 


ihO, 


c. 


d. 


La 
32p 

e,  .  3h 
•  90 


186, 


Re 


Sol 


Sol 


Sol 


Ins 


Sol 


Sol 


Ins 


Sol 


InS" 


Ins 


9  X  lO'-'-^  }xc/ml 

7  X  10"9  )xc/ml  ■'~ 
'     k:2  X  10"^  }xc/rnl 

'  9  X  lO'-'-^  ;ic/nil 

"  '  6  X  10"''^  >iQ/nil  •  ' 

'*  — 

«    i^  X  10"9  pc/ml  ■ 

8  5c,-10"^>c/ml' 
\     .  ■•  1   .       >  ^ 

3'  X  10"^  ;ic/inl  • 

■  -7:  ■  .'■  •■  ■ 

9,0  X  ICCH/ic/ml- 


6,0  X  10-9  jxo/ml 


•Si  *  , 
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What  forms  should  be  acq^iired  or  .maintained  on  radiation  work? 


What  is  the  maximiim  permissible  dose  aft  the  edge  of  restricted 
areas  when  the  exposure  is  limited  tp   ^  ^ 

a.     ,1  hour  v 


b.    '  1  year 


c.  'To  constitute  a  high  radiation  area  the  dose  which  may  be 
-  .    received  in  1  hour  must  be  what  a'rrtount?  ^' 


'  " >  242- 

r 
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There  are  three  types  of  reports  required  by  NRC.    The  type  of  the 
'report  depends  upon  the  severity  of  .the  ^ccident  or  incident.  What 
are  these  reports?  .  '  •  * 


The  following  isotppes  are  in  air  in  the  indicated 'concentrations. 
Are  the  limits  for  a  restricted  are\a  exceeded?  .  '  " 

Q^Br  '         .5  X  10"'^  )ic/ml  Soluble 

2^^Cin  "•  .         1  X  lO'-^^  jic/ml  Soluble  ' 

35s  9  X  10"^  )xc/ml  -       Soluble  ,  ' 
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10.    In  an  accident,  tvo  millicuriee  of  -^^C,  as  CO2,  vere  released 

in  a  room  10  x  12  x  3  meters.    Assming  that  the  CO^  is  evenly  dis- 
tributed in  the  air  space  of  this  rocra,  doeg  the  concentration  exceed 
the  maxifflum  permissible  concentration  In  Title  10,  ,Part  20,  App  B? 


11.    Given  concentration  in  air 'bf 


198 


'Au 


122. 


Sb 


2  X  10■'^  ,^c/ml 
k  x^lO"9;ic/ml 


Soluble 


Soluble* 


Unknown        ^    '  '      ,    ^    k  x  lO'-^^  ^c/ml 
Should  this  area  be  restricted  or  unrestricted? 


Soluble 


12,    You  are  moni^d^ring  in  an  unrestricted  area  for  an  airborne  concentra,tion 
of  isotopes.  ^  The  following  da'tst  is  taken:  <        ^        '  • 
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'Cohcentration  A  ^^Cl     5  X  lO'^'^^^V^^l 


Concentration  B 


\  131 
ConT^entration  t!  I 


Concentration  D 


18. 


3  X  io-Q^^Vml 
l^X  10-^^'Vml 


k  X  10* 


.8>iCi 


/ml 


Sol 
Sol 
Sol 
Sol 


Is  the  airborne  COTcentration  in  this  room  low  enough  to  'lie  classified 
as  an  unrestricted  area*^  ^(General  population  can  move  freely  with^.no 
radiation  restrictions.) 
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Solutions  to  Problems, 


a.^    byproduct  Material  -  Any 'nuclear,  material  (except  special) 
yielded  by  exposure  to  the  process  of  producing  or  utilizing 
special  m^erial  -  reactor  t^yproduct  (either  fission  pro- 
ducts or  material  produced  "tar  induced  reactions). 


Special  Nuclear  Material  -  Plutonium,  Uranium- 233,  Uraniunj 
enriched  in  iso'topes  or  235u,  or  any  other  material 

determined  by  NRC  (weapons  materials). 


r 

\ 


c.     Source  Material  -  Any  mateifjal  except^  specisQ.  nuclear  ^ 
material  which  contains  by  weight  1/20  of  Ijt  (0.05%)  or 
more  of  uranium,  thorium,  or  any  combination  thereof 
(these  are  the  ores) . 


2.     The  governing  factor  is  5(n.-,  l8) 
n  =  SO^yeeocB. 

5(30  -  18)  ^  • 

5(12)  * 

60  rem  of  radiation 


249 


u 


.  '.I 

Dose  received  t6  this  date  4l.3  -  , 
The  jgoverning  factor  is  5(n-l&)  .n  =  27  years  , 
•  .         5(27  -  18)  ■ 

5(9)    =    ^5  ran 
4*5  remJ-  4l.3  r^m  .  =    3»7  rem 


Since  he  has-  3*7  rem  remainitig  exposure/  he  could' 
receive  3  I'em  the  first  quarter  (if  necessaiy). 


Tou  must  assume, he  has  ^received  the  maxirau^j  dose  since  he 
was  l8  years  pM.  ,  *  .  * 


Therefore,  he  may  only  receive  3  rem  during  this  year. 

V  *  ^  4  t 

\  4  a 

*  <  '0 

o  ' 

Restricted.  .       '  ' 

*  ♦ 

Unrestricted.    *  '  .       "        ^  '    ♦  • 

Unrestricted.'  ^ 
Unrestricted.  ^  .      -  . 

'Restricted.  ,  °  '  • 

Unrestricted.  . 
Restricted. 

Restricted.  ' 
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i*.     Eestricted;  * 

'"j.     'Unrestricted.'       '  '  ^ 

'*  *   .  * 

NRC  Fprm  4  -.Persona^  history  J-  ''  - 

NRC  Fprm  5  -  Current" Occupational  External  Radiation  Exp 

DD  Form  11^1  (Cor  military)  *-  -Record  of  Exposure  to  Ionizing 

Radiation  >t 

k   "  '         :  y 

a.      2  mrem 

0.5  rem  ^  ^  % 

c .      Greater  tihan  100  mrem  .  ' 


a.  Immediately  , 

.  ? 

b.  Twenty-four  hour  notification 

c.  Thirty -day  report.  ,  ^ 


CA          +     ,CB    >  .  +     Cc .  '        .  . 

MPCa  'MPCb  MPCc       =  1 


5  X  10"*^  +'  1  X  lO''.-^  +  9  X  lO^'Q  =  l' 
1  X  10-^  5  X  10^12  3  ^  2.0"7    •  • 

♦  - 

0.5   +  0.2   +  0.3^  =   1      ^  ,  ^ 

Within  the  limits  of  a  restricts  area  .(barely). 


X-v;.:?::-.-  ^.  .  • 

.   ■  '  .  .  '  '  '■■  '■  I' 

;        ■  ■■■       ■.       ...  I 

.       :  -  '  I 

■  ,         '     .     "  ■  •      .  •  -I.; 

■  ■  ^ 


d 

CO 
O 


...^SAFE.  HA-NDLIi^G  AND  STORAGE'.  /  ■  'j- 
r^-.        OF  -  RAD  I  OACT  I  VE.  MATER  KAL .: 

■  ■■■    -  ;■•  r- 

•  ■    t-.  .   :  ■.■■■]  ■  •• 

' "  v. 


.1 


•4?  q 
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•  af '   Volume  of  room -in  cm^  ^ 

10mxl2mx3m    x  3     =3.6x  -10^  ml' 

b.  2  millicuries    =    0.002  curies    =    2  x  10^  ;ie 

2  X  10^  uc  (\ 

therefore'   =  5.555  x  10"^  ;ic/iiil 

^     ;  3.6  X  10°  ml 

c.  MFC  for  i^C  in  air    =    5  x  lO"*^  ;ic/ml  ' 

^i55^x  lO'l^jAc/ml  doeg  not  exceed  MFC 

;  s  .  ^c  s  1 


,MPQa        ICPCg  MPC^ 

g  X  lO''^   +    li^x  10"9   +   %  %  lOT^p      *  .       '  ' 

1  X  io-?        6  X  10-9     '  2  X  10-^^ 

0*2 +'0.667  +  0/2    =    1.067'>1    •     *  . 

This  atust  be  a  restricted  area?    (MFC    from  Footnote  2c  at  end  of 
Appendix  B. )  '  *        '  '  "      .    -  ^  * '  * 

MPC^     .  ^^D  ' 

From  Table  ri.«Column  L  ->I^'s  are  taHea?  '  '    .  '  • 

^xlO-^Q^'^Vmll  -  ,    JxIb'-^^Vmi    /\xlO-^Vi^^7ml  V'ifxlO-Qjj^Vmll  * 
lxlO-«^^Vmll       '  lxlO-^>^^Vmf        lxlO-^°>^^Vml  •2xl9;7>^^V-?>il' 
5x10'^  '  +    SxlO"?',  t    IxlO"-^:    +    Sxio"-''      .      '  '  '    '  . 

0.05  +  0.3  +.0.1  +  0.2  =  '0.65^1  1  "  '         ,  . 

;,XHferefore    it  is  unrestricted^  and  the  gerjeral  population  can  enter. 
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DFlsd,  SAFE  HANDLING  AND  STORAGE  OF  RADIOACTIVE  MATERIAL 


Discussion  and  References. 
A,  Discussion, 


The  safe  handling  and  storage  of  radioactive,  materials 
require  special  techniques  and  protective  measures.. 
The  v\irvose  of  the  techniques  and  protective  me^ures 


is: 


a.  to  prevent  ingestion,  inhalation,  and  entry  .by  any 
mode  of  radioisotopes  into  the  body;  .  * 

»  " 

b.  to  reduce  the  amounts  of  exte:;nal  radiation  to  or  " 
below  the  permissible  levels;  and 

c.  to  minimize  the  external  and  the  inter nal^posures.  * 

In  order^  to  control  the  external  exposure  ve  employ  a  • 
sensible  and  concurrent  utilization  of  four  basic  tech- 
niques of  exposure  control. 

•  .  •   .  *       ^  * ' 

a.  distance  '  ^  .        '  ^ 

,  .  *^ 

b.  ^ime  '  • 

c.  ^shielding        *  ^  '         *  . 

d.  ^  quantity  ,      *  ^  - 

Two  general  techniques  are  employed  to  ciontroi  or  'reduce 
internal  exposure.    Tiiese'are:  ,  '  *  ^ 

a.  dilut'ion.and  dispersion. 

b.  *» containment  and  concentration.  . 

In  order  to  employ  these  techniques,  a  number  of  handling  . 
methods  are  u^ed.  '  The  'method-  of  handling  becomes  more 
complex  as  the  que^ity  and  potential  hazaird  of  the  r^io-  ' 
active  material  inci^eases.  ^These  method^  'are,  -broken  into 
four  general'  cateig-oHes:  '  direct,  viewing,  shj;elding  barrier, 

plosed  cell,  and -underwater/  ^,  .-^  - 

'  ' '  V  '    '         ♦  ^ 

/  c/    A  third  methp4  t>f  control  c^uiLd'  fefe  lal?eled  »'Delay  and^ 
Decay-."    'Phis  method  would  controX  the, mater iarl  ^intil  . 

*'  -      It  hQS/dec§Lyed  beyond  limits  of  considering  it  fadio- 
actiW.       *  ^  •  '  ■  '  '  ' 


^When^'l^toring  radioactive  materials,  the  complexity  of  the 
.,faQiri%  depends  upon  the  'quantity  and  type  of  materials 
being  st6red.    A  number  of  things  which  should  be  consid- 
ered are:   ^  .  • 

a.     marking  the  storage  area. 

.b/-  '  marking  of  individual  sources,  \  .  : 

^c.      distribution  of  radioactive  material, 

d.      shielding  of  subdivided' amounts.  . 

e\      time. required  to  nsmove  and  replace  material. 

f.      ventilation  (if  material  is  gaseous  "or  Jias  gaseous  ' 
daughter  products)  f 

#  *  *  • 

-g.      dose  rate  to  individuals  outride  the  storage  area 
.  (nonradiation  workers  in  particular)', 

•  personnel  monitoring  devices  (dose  and  dose  rate)V 
for  personnel  entering  the  storage  area. 

In  x>rd^  to-'plan  for  the  safe  handling  "and  storage  of  \ 
radioactive  material  one  must  kaow  the  s'oilrce  strength 
of  the  material.    To  determine  the  Source  strength. ,6f  a 
given  amount  of>jnaterial,  khowing  its  activity,--  one  may- 
use,  the  expre^ion  ^ 

where    '  .  - 

S    =  '  source  strength  in  rhm  *  *      .        ^\  * 

c       '  n^ber  of  curies  '  *  ;  ^ 

=  .lihe 'energy  of  the  gamma  photon  piritted  * 
by  the*  radioactive  material 

V  '         -      ^    =    "fehe  fraction  of  time  a  gamma  photon  of  . 
\energy  E  is  emitted  / 

If  .more  than  one  energy  gamma  photon  i^  emitted,  the  ' 
contribution  of  each  to  the  source  strength  must  be 
'considered'.  >  /  -         .     '   ,  ^ 

'  S^'   =    0.56  C  SnB'      '     ;    *  • 


B.     Some  Additional  References:       *  ^  -t 

1,.    NBS  Handbook '73* 

f    "    2.  .    Chapter  7,  Nuclear  Instruments  and  Their  Uses,  p)lume  I, 
edited  by  A.  H.  Snell.    '  ^    ^  ^ 

3,     ^'Safe  Handling  of  Radioisotopes-^"  Safety  Series  Nd;  i, 
*  International  Nuclear  Regulatory  Commission.  / 

Lesson  Objectives  and  Notes:  *     ,  ' 

A.  Discuss  i:he  methods  of  safe  handling  and  stprage  of  radioactive 
'  ^ -   material.  [  *  '  ^ 

B.  "Calculation  of  Source  Strength. 


•  256 


III.  Handout sr:  None 


IV.  Problems: 


Class  and  Home  Study  Problems. 

1.     What  is  the  source  strength  of  7  curies  of  Cobalt.-57? 


I 
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Waat  is  the  source , strength  of  120  curies  pf  Gallivm-72? 


What  wouM  be  the  dose  rate  25  cm  from  a  k20  m  source  of  Arsenic-7^? 


25  1. 
zep. 


,   ^4..     y^bat  dose  voul4  you  receive  230  cm  frqm  a  720  mc  source  of  Mangane8e-56 
in  7|  hours?  .        '  '         •  - 


3.     A  reading  of  270  mrad/hr  is  observed  300  cm  from  a  Putheniui-1G3" 
.source*  'What  is  its  activity?  ^  .  * 


What  is  the  minimum  distanc^  personnel. work  trom  an  unshielded 
5-curie  C0-6O  source,  if  they  vork  8  hours  per  day  5  days  a  week?, 
(Week^ly  MPS    =   30O  mrem*)       -  .     ^  ' 


What  is  the  maximum  permissible  time  *a  worker  can  he  exposed  to  an  * 
unshielded  10-curie  Antimohy-12^  source,  if  he  is  76O  cm  from  tjte 
source?    (Weekly  MPE    =    3OO  nirem* )  ^  . 
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At  what  distegace  from  the  sburce  iised  in  problepi  7  would  one  place 
a  sigh  and  barricade  in  order  .to  restrict  unauthorized  personnel 
from  entering  ati  area  where  thp  dos^e  rate  is  greater  than  5  mrad/hr?' 


A  radiation  worker  performing  an  experiment  *r6tjuJ^es  the.  use  of  500  mc 
of  Antiinony-125  fifty  (50)  times^  per  week  for  30  seconds  6ach 
time.    What  is  the  miniB|um  length  remote  handling  tool  he  can  use  and 
not  e'bcceed  a  dosage  of '300-mrem/^eek?  * 


Solutions. 

1.  .From  decay  scheme  on  page  388,,  Pam  25  - 
.;  E^^,   =   0.13632  (99.8?^) 

^  "    O.7O6U         (0.18^)       Not  used  <  3?^ 

-     -   S      =    0.56  n  CE 

y 

=  ■  (0.56)(0.998)(7).(0. 13632) 
=    O.53U  rhm 

2.  Fyom  column  5,"  page  25U,  Pam  25  -  * 

E^^'  =   0.601  (8^) 
^       =    OMO  i27i) 

Ey^  .'  =  -    0.835   '    .   (96^)  ^ 
•         E*;^     =.^0.8^  (10^) 

='  1.050  (7i) 

=  ■i»it65      (3.5^)  ;  ^ 

•E_  =  1.60  ,      '  ^ 

•    E^g  =  'i.'86o  ymr   \    ^  ,  ■  • « 

E^g    =    2-.  201  ^  .   (26^)'  ' 


.•E^^Q  =    2.50         (20^)  \, 


S    ,=    0.56  C  SnE  '•  .  .     ■  '        .  . 

y    ■     ■  ^; .  ,  , 

,=    {0.56)(l20)[(0.p8)(or6oi)^  +  ,(O.27)(Q,630    +  (O.96) 
.,     (P'.835)    +    (q.D'Co.W    +    (o.07)(l.05)    +  (0.035) 
p(l.li65)    +    (0.05)(1.6)    +   (o.05)(l.86)    +  (0.26") 
(2.201-)    +    (0.2)  (2. 5)]. 

■  (67.a)(o.oit8i  •+  0.17   +.  0.802  .+  'o.o89i>   +  0.0735 

■  I     0:^0.513       0.08   +  0.093   +  0.5723"  +  0.5) 

(67.2)(2.tt803)  " 


=    166.6  rhm  258 
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From  column. 5,  page  256,  Paxn  25  - 
■     E^3_    ^.  0.511'    ■  C59^) 

E^3    =   0.635  (Ihi) 

=;  .0.56  C  EnE  •  -  ' 

=  ■   (0. 56)  (U20mc  )[  (0.59) (0.511)    +    (0.6l)(0.596f  + 
(O-.lU)  (0.635)]  O  : 

=    (235.2)  (0.3015   .+   0..3636\+  0.0889) 
=    (235.2) (0.75^)  ! 

=    177.3  mrhm  ■  -  ' 

"  .  ,« 

P  S_    _    177.3  mrhm     _    177.3     _  «  oAko       a /u 

n    .-  ~-  2~     ~    r>  r^o<^        28U0  mrad/hr  • 

r        ■  (0.25)  °*    .5  ■  ^ 


From  decay  scheme  on  page  387, 

^1 

,=  o.8i*65 

,(53^)  ' 

^2 

■=  2.658' 

(•3(^) 

-  ^3' 

=  2.957 

(l3io\  . 

=  '3.37  ' 

(i.,3^0)  • 

'7 

=■  0.'56  C^EnE 

.  '  '  ~ 

.=    (b.56)(720  rac)[(0.53)(0.8U69)    f    (O.3)  (2.658)  + 
(0.l6)'(2.957)]  i.  ■  ^  ■ 

=  ih03.2){6.kk9    +   0."797    +  O.U73) 

=  (U03.2)  (1.719)  •' 

=  69U  mrhm 

=  |^,t  -=    ^2!LnH|B  (7.5)    =    (69^)(7.5)^^    98U  Jrad 

r  (2.3)^  ^.29    -  == 


From  decay  scheme,  page  395?  Psm  25 


^1 

(3%)  ■ 

• 

c 

=  0.298 

.Not  used  <-  % 

=  0.36 

^  *Not  used  <  3>1o 

^k 

=  6.537 

(893^) 

'^5 

=  0.6505- 

{%) 

ff  ' 

1 

,    .1  . 

S    =.  Rd^'  =    (270  mrad/hr)CS')^  •=    (27b)  (9) 
=    2U3O  mrhm  or  2.43  rhm  .,  • 

•  S 

0.56  2  nE  -        •  '.  ' 


■        2>U3  rhm        ^      .   -  ^ 
.     '    '   "    (0.56)[(0.03)(0,0if)  ,  +  ^(0.89)(0-537)    +  {O.Q7)(0.6505)J 
**  .  ^  *  •  -  . 

J  '  2,43  ^  ^        -  2.U3  ^ 

f  .  eo..56)(0.0012    +  +   0.0455)    "    (0^56) (0.5247) 

From  decay  scheme,  page  389\  Pain  25  -  - 

■  ,         i   lr3325.      (0.12^)       Not  jised  <  3^ 
E/g         2.1^8      •■(0.013f«")  ■'  Not  used  <  3^ 
,     E  -  .  =    2.5D57  •   '  (9^).      ■  ■     ■  ■- 

S    =    0.56  n  CE.  ^   ■(o;56)(O.Q9)(5)(2. 5-057) 

=    6.95  rhm  or  6950  mrhm  "  *  ^ 

^    ^  /it-  ^  /(6950  ^hm)(U0)    .  ^    30.'t.mete:,s-  • 


260 

266 


From' column  55,Pfge  2^,  Pain  25 


=  .0,603 

(97^) 

(7^)  . 

=  0,72 

HH)  * 

=  0.967 

{2M) 

Not  used'<  3i>  ^ 

E 

=  l.0i*8 
=   1.31  ^ 

Not  used  <  3% 

=  1.37 

^8 

=  1.1*5 

(2^)1 

'  Not  used  <  3i 

•  * 

=   1.692  . 

^710 

=  2.088 

my' 

> 

=    0.56  C  ZnE 

*  =   <0.56)(1Q)[(0.97)(0.603)    +   (0.07)(0,61tlt)    +'  ' 

(0.llt)(0.72)  (0.03).{i.3l)  +  (6»Q5)(l.37)'^'t 
(0.5)(1.692)    +   (0.07)(2.d68)]       -   '  .  • 

■ .      '  W 

=    C5. 6)  (0.565    +  0,01*51    +■  0.1001    +  0.0393*  + 
0.0685  '+  0.8U6    +  0.l1i63) 
•    ^    (5.6)  (1.8303)         .      ■.  ,  .. 

'  =    10.2l|  rhm     '  .      '  ' 

Dd_        (Q-3)(7.6)  1,69  hours  or  1  hour  .and  hi 

•  ^    /I  ■      /I0,2it0'^;\  '^/i5i^a'   =  .1^5.3  meters  •      '  • 
'       V  R       »     5  mrad/hr  =s== 


From  column  5,  page.  292*,  Pam  25 
,    'E^^    =  .0.176  (6^) 
.  E^.  =    0.U27  '(31^)" 
'E^^.  =.  0.1^63      (10^)  ( 


'7k 


0.599  ;  i2hi,) 


=  0.63U  ilii) 


e'^   =  '0.66 


'  =   0.56  c'SnE  -■ 

■    =  •  (6. 5^) (500  mc)E (0,06) (0.176)    +    (0.3i)(0.U27)  + 
;  •^o.i)(6.J^3)       (o> 21+)  (0,599)   +  (o.^l)(o.63l^)-  ^ 
(O.03)(o.66)] •.  " 

■  =   (280)(0.6l67       0.128  +  0\CA63   +  6.1^38   +  .  ^ 
0.0697*  +   0.0218)  '       •    ^  .  ^ 


=  ■^(28oO(X)'.li203) 


,  =   118  rarhra'    ,  ♦    "        •  '  .  *  ' 

t  '=    (»50^)(30)    =   1500  se6    =   O.UlT  hours 
d*'..yp-^LyiilIipn   =.V^  =   0.U05  meter,  or  ^.0 
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DFZOa,  INTBODUCTION  TO  SCALER  COUNTING 


Refe^<2'ice -and  Discussion.  *  *  *  '  / 

A,  Reference:    ST  3-155,  ch  12,  ,   -  -  ' 

B.  Discussion*  *  -    .  »  ^  .      ^       "  * 

L.      General;         '  •  '  '  ' 

,        •  •  •  .         .  . 

The  scaler  is  a  laboratory  radiac  instrumetit  designed  to  yield  . 
precise  data  on  the  activity  of  a  radioactive  §ampj.e.    It  measures 
gamma  and  beta  -radiation,  -and  under  cert^iin*' 'Conditions  will  . 
measure  alpha  radiation.    Due  to  its '^precision,  this  instriMent, 
wh^n  U5ed  with  the.  proper  aioxiliary  equipraeat,  can  be  used,  to: 

a.  '.^Determine  the^nergy  of  gamma  emissions. 

b.  ""'^eterraine  the  half-life  of  ^ui  isotope. 

c.  determine  the  energy  of^gjrama  emissions.-  •  ✓ 
*  •    .    d.     ^Determine  the  energy ^of'ieta  emi^ions. 

e.      Determine  the  energy  of  alpha^missions.-  '  ' 

l,s        "f..     Comp&j^'^  the  counting  rates  6f  two^samples.-      •  *.  '  ' 

g.     : Determine- the  dec^y  constant  fcrr^ixgd  fission  products,  , 

„     ,  S*ucht^i^fo'rmati;on\rs  deeded  by'  the/Health  Physics  and  Radiatipn 
'      i     <.;2^^r^^yL^^^?i^s^^r,fi^d;may'.^^^  required  by/cpmmanders'in  the  event 
'  '^  ''^A.'  P^'nUelea^/ warfare. v/  's.-      '  1-' 

.2'.. '  .-D-e script iprr.  xl--  '"^ ^  - .  . 


:s.    They  are: 
jt^cting  ainit .  - ' 


^  '/V     '  3»  :^^  A'-^'^'^-^^^T-'^^^^  :^^^^t^  trasi'o  Components 

;  ^         7../'  (2")r;  A^s'ensl^tlyd;^r^iati 
'  *"v.'  '(^)    A/recjSrdiiig' -unit.     ;        *'  - 

^  „    •.  'i    .  t3)-.:  AJpr^qise' timiri^  unl't.' *     .  >  ; 


'  '     '^-^  •  JFigor^"  i  is 'an  illustration  of  a  typical  stial^r  jarid-'^s'' 
^   .      domponent.  parts' J  w        .  .  /      .^'^ ;  . 

c'.'i/  .The  detecting  unit.Qf  the.  scale'r-'can  be:      '       "  ^  .  - 

'  .{l^    A  Geig^r-Muellef  tube.            -    -    ''''<'1^.j?-  -  v  . 

(i?)' /A  scintillation  crysial.  ,   \,  .  -      -  *.      '  v 

-  .  '  *\  (3)  .'"A  gan  ^proportional  tu'Be  or  "c6urit*er, _  .  -  /  * 


Xt  is  usually  shlelded,\  vith  lead  to  reduce  backgxgunl  rac^ietiou*    ^  ' 
When  the  detecting  un-a^t  is  ^♦Oeiger-Mueiler  tube^  it  is  mounted  in 

.a  fixed  position  inside  a  lead  pig/    Sample  holders  are  Ipcated  . 

"belpw  thf  GM.  tube  inJfeuch  manner  tha^t  temple  orientatiom .can^be 
reproduced.  v     •  a  '  ^  '  »^       .  '  .  - 

-The  recording  unit  takes  the  signals  (discibarge  fr9qi  GM  tube,  flash 
from' scintillation  crystal  or  j^ischarge  from  tlje  proportional  tube) 
from  the  detecting  unit  dnd  reedrds  them,  ;  The  recording  device  is 
generally  a  combination  of  electronic  and  mechanical  'registers,, 
although  electronic  registers  are  oftenvused  alone. 

',The  timing  unit  is  a  precise,  tiin.^^  measurihg  device.    It  is  designed 

"^o  record  t>ime,  ^usually  in»minutes  a^jL  hundred-ths  of  minutes, 

dujting  the  tiitfe  Of  measur^me'nt. "       may  or  may  not  ^  set  to  stop 

'the  re^cording  device  after  ^  pre-set* time,  or  alternately,  the 

•recording  devic^  may  oi;, may  not*  be  lei  to'-^top  the  timing  device 

afte^  ^  pre-set' nufbb^r  of  cbuhis  has  be'en  registered.  , 
^  .     '  .  •  .   ,  ^    ^  '        ....  • 

Th^  com^nents  pf  the  scaler  i^y  defect  and  co\iht* gamma,  alpha, 
and  ^bta  radiations  frpm  a  feaiiiple»iii  total  qoti!tlt.    ^he  coiptiiig 
Ta€e,  coUnt3  ger;  unit.t:ijae,  is  ^.fa'und  by^divlding  tl>e  to^^aL  count 
by*the  total  time,  usually  minutes^ to  find  counts  per  minute.  Most 
^s^caleri-register  wit|h 'ga^eatest  efficiency  when  the  counting^  rate  does' 
not  ex'ce^ed  5^000  counts  per^ minute/  A  special  unit  or  tube  is  required 
for  alpha *qounting.  »     -  *        ^  -  '  "  \   i    <  ' 

'     *       '         -       *       .  •'  .  •       ^  *  .  - 

'Operation.  ^  "  '  *  , 

" ,  »    ^    .    ^  *  >  '  ,  *  ^  .  •  >*  t 

Effective        of  the  .scaj.er  to  determine  any  of  the  items 'mentioned' above 
requires:''       '  .    ,         ' ^       '     ^  ' 

a.  *     Careful  sample  preparation.  *  ^  •  ,      _       *  • 

b.  "  Determination  of  effijciency  of  detecting  unit'. 

Careful  coni^ideration  must  be  given  to  the  chemical  and  physical  form  in  - 
which  the  sanpleb-  are  to  be  measured.    This  is  necessary  to  ijiininiize  errors 
due  to  back*-  add  self-scattering  and  self-ab8orption\    However,  a  detailed 
discusslo.i  of'th^  experimental  techniques  involved  are* beyond  th'e  scope  of 
this  manual.  ^  ^  ,  ,    .    e  *  *  ' 

Since  the  detecting  element  will  only  "count"  eVents  that  occur  within  it, 
the  counting  n^te  will  not  be  the  disintegration  rate  of  the  sampled  •  The 
disintegration  rate  of.  the  sample  is  the  number  of  nirclear  disintegratio^is* 
which  take' place  i<n  the  sample  in  a  unit  time,  i.e.,  disintegrations  .per* 
minute  or  per  secffni;    The  counting  rate  is  actually  the  number  of  nuclear 
disintegrations  which  are  DETECTED  in  a  .unit  t^ime.    Thus,  the  counting  rate 
will  differ  from  the  disintegration  rate  'by  the  number  of  nCiclear  dis-  , 
integrations  which  are  not 'detected  by  the  detecting  element".  ^ 


Geiger-l-fueller  Tube.  >  j, 

With  -a  GM  Jtube  this  ratio  betveen  Counting  fate  and  2tls  integral  on  rate  i's 
ImovTwas  the  tube' s  *eff iciency.    This  efficiency  is  the  reSult  of  three  • 
^  factor,6»    These*  factors  ire:  '        >  *  ^ 

a.     Resolving  time  of  -  the  Gl«I  tube.  '    ^      .      ^    :1 .  ^      ,^  '  * 

'  '*b.     Geometry  of^  the  tube  and  sample*  ■  j  ,  >  v  ' 

c.  .    Energy  sensitivity  of  the  GM  tube.*  \Jf 

The  revolving  dr. dead /time  of  a  (jM  tubals  the  time  following  a  primary 
Ionizing  e/ent  during  which  xhe  tvijbe  is  insensitive  to  ionizing  radiations. 
The  dead  ^ime  of, an  average  Geiger-Mueller  tube  is  0.0002  second  (200 u  sec). 
-During"  thfs  0.0X2  se(?onds,  if  another^  primary  ionizing  event  takes  place  in 
the  tube  tt  will  not  4ause  a  di^scharge  of  the  Geiger-Mueller  tube>  and, 
therefore,  will  not  be't  counted.'   A  GM  tube  having  a  0.0002  second,  dead  time 
will 'Xecord -all  of  5,000  evenly' spac^'d  ionizing  events  per  second  .occtirring 
within  it.    However,  shpuld  6,000 '^venly  spaced  ionizing  events^ per  second 
occur,  1,000  events  wou'i^d  not  be  counted.    The 'problem  increases  when  one  ,  ' 
consid^ers  that  a  radioactive  material  does  not  decay  at  a  perfectly  constant 
'  rate  but  decays  randomlylin  fits  and  dpurts,  Although  the  sample  does  have 
an  average  decay  rate*  ^       _  "   t 

A  pictorial  .view  of  this  dead  time;  and  randomness  of  disintegrations  is 
presented  in  figtire  2.    Kerb  the'i^evpnly  spaced  arrows  indicate  random 
^disintegrations  ahd^the  blocks  r^e^resent  the  resolving  or  dead  time  of 
.  *  ^  a  ]GM  tube.    When  tjfie  disintegration 'causes  ior^izing  events  while  the  tube^ 
i$  ^Cciflpletelyf  charged  as  "^n^A,       D,  and  F,  the  events  are  recorded.  When, 
.  hoHever^,  the  ionizing  events  occu»  during  dead  tirile  as  in  P  and  E,  counts  - 
will  be^lost.    For  example,  one  coimt  is  lost  in  C  &nd^  two^dti  E. 

Hence,  the"  l;iigher  the  counting*- rate  ^thfe  larger  rh^>^raction  of,  coiints  that 
will  be  dQSt%    It  is  possible -to  m^ke  ccorrectioris  for  the  lost  counts  if 
'the  dead  ^-^ime/i^  Icnown.  /JThlfe.  can  be  determined. rather  easily.  Knowing 
the  dead  t-ime,  a  calibration  ,curve  can  be  c<jr?strupted.  which  will  relate  ' 
th§  observed  counting  rate  to  the  true  counting' rate'. 

5.     Resolving  Time  Determination*.  \  ^    "  - 

^The  resolving  time  of  ^he  ♦tube  is  measured      taking  a  series  of  three 
^    counts  Using  two  different .sources.   jCounts  are  taken  on  the  individual  * 
s^amples,  plus  a  count  of  the  two  sample^  together.    The  .total  counts 
for^thfe  combination  of  the  sources  is  g*reater  ]>han  either  single  sample 
ab(:>ve,,  but  leh^  than  the  sum  of* the  two  samples.    The  reason  for  this 
lowered  courtt  is  clue  tp.the  radiation  entering  the  tube  tltaring  the  dead 
time  of  the  tube,  or  several  radiations  entering  the  tube  simultaneously. 
The  two  samples  chosen  skould  .bei, 'gamma  emitters  with  a  coimting  rate  of 
.about  5iO^O  counts  per  mlnute'^ach. 
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The  resolving  time  of  the  tube. may  be  calculated  by  means  of  the  following 
fomula:  •    '      •  •  •   .  _  .  .  - 

+    Ro  ■  ~  Ri 
*:    \-  Resolving  tiin©  (t)    =  —5  


1.2 


/where-'R-j'-  =    cpm  for  sample  No.  1. 
*       ^2    "  Tot' sample  No/  5. 

'        ^1,2 '  ^  'iyi^  for  the,  combination  o 
R'q  ^    cpm  background • 


pies  1  and  2- 


Once  the  dead  time  is  determined  for  a  particular  Geiger-Mueller  tube  a 
calibration  curve  can  be  constructed.    The  curve  will  relate  the  observed 
counting  rate  to  -yie  counts  to  be  added  to  obtain  the  incident  counting 
rate  of  the\sampl.e.v   This  curve  can  be  constructed  by  the  use  of  the 
following  equations :  *  -»  - 


R  -'1^ 

o 


where  ^  is  the  'qorr&ction  factor  in  cpm  to  be  added  tb  the  observed 
cjDunting  rate.    1  '  ,  '  ''-^  . 


R  is  the  inci'^ent  counting  rate.   -        -  • 

'  ^     ^  ^  '       '      *  y 

R^  is  the  observed  couriting  rate.       -       "*'•;'       /  * 
then  R^T    =    time/minute  that  the  scaler  is  not  couriting. 
T  is  the  dead,  time  of  the  "Geiger-Mu%ller  tjiibe. 
R,  R^T    =    total  number  of  counts  misled. 
R  -  R    =  i^otal  number  of  counts  missed. 

O  .  .  ;  , 

then  R  R  T    =    r"-  R 

0,0' 


rearranging  gives:    R  = 


1  -  R  T 
o 


substituting  for  R  in  the  original  equation  the  following  obtained: 

^  _  R. 


R 


R  T 

o 


rearranging  gives  the  equation: 
o 
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where       is  observed  counting'rate 

AR  is  cpm  to  be  added  to  the  observed  ccwriting  rate  to  gl-ve 
the-  incident  counting  rate. 

A  graph  of  "observed  counts"  versus  "counts  per  minute  to  be  added,  , 

can  be  constructed  on  log-log  paper.    In  order  to  obtain  points 
for  the  curve  "observed  counts  versus  counts  to  be.  added,"  a  value  fo^* 
^  is  obtained  by  solving  the  above  equation,  in  which  the  resolving 
time  of  the  GM  tube  used  Is  substituted  for  t  and  by  assigning  an 
arbitrary  value  to  Rq.    This  arbitrary  value  of  Rq  and  the  resulting  • 
value'  of  AR  when  plotted  on  log  coordinates  will  establish  one  point 
of  the  desired  curve.  ^At  least  four  additional  poin-^s  should^be 
establishled  by  assigning  other  arbitrary  values  to  Rq  and  sol'ving  for 
the  corresponding  AR.    These  points  will  plot  essentially  as  a  straight 
line.    When  such  a  curve  is  employed.  Incident  Count  (r)  may  be  ob- 
tained by  adding  to  any  given  value  of  Rq  the  value  of  ^  correspond- 
ing to  Rq  read  from  the  graph.    A  graphical  solution  saves  considerable 
time  when  numerous  readings  are  to  be  corrected- 

Geometry  and»Energy  Sensitivity. 

Geometry, of  the  tube  and  sample  is  defined  as  the  ratio  of  the  total 
disintegration  being  'emitted  and  the  number  of  disintegrations  actually 
counted  by  the  scaler »    This  ratio  is  generally  expressed  as  a 
percentage.    If  ?or  a  certain  phygical  set-up  of  the  detecting  element 
and  aampi^  in  the  lead  pig,  10^  of  the  total  disintegrations  of  a 
s ample 'U/ere  counted  in  a  unit  tlm^,  then  the  "geometry**  jls  said  to  be 
lO^t,    Th^^emainihg  9(yf>  of  the  disintegrations  go  off  in  other  directions 
"and  are  no£  counted.    In  order  to  obtain  accurate  data  that  is  meaningful^ 
the,  "geometry"  must  always  be  the  same  and  must  not  change,    Figxire  3^ 
illustrates  two  extremes  of  geometry.  *  ^ 

Energy  sensitfvity  of  a  GM  tube  is  a  function  of  the  energy  of  radiation 
and  the  amount  of  absorbing  material  between  the  atom  that  disintegrates  . 
and  the  gas  of  the  GM  tube.    A  typical  plot  of  percent  efficiency  versus 
energy  is  shown  in  Figure'  h.    For  low  energy' beta  radiation,  lower  effi- 
ciency is  due  to  self  absorption  within  t^e  sample,  absorption  in  the 
material  ^nd  the  air  between  the  sample  and  wall  of  the  GM  tube  and  absorp 
tion  in  the  wall  of  the  GM  tube,    A  similar  graph  would  be  obtained  for 
gamm^  radiation. 

f 

i 

Therefore,  to  determine  any  of  the  items  mentioned  above  it  is  necessary  . 
that  the  samples  to  be  couft?ed  always  be  placed  in  the  same  position  with  ' 
respect  to  the  GM  tube.    That  is,  the  sources  must  be  the  same  distance 
frcffn,  and  in  the  same  relative  position  with  respect  to  the  GM  tube. 

This  .requirement  for  maintaining  a  c'onstant  geometry  necessitates  a 
permanent .type  sample  holding  device  in  order  to  assure  a  .reproducible 
position,*.  Such  a  device  is  phown  in  Figure  5.'  . 

.  '  2G8 


Scintillation  Counters."        '      '  *  .  ,  ' 

•  The  most  common  tyje  of  detector  for  measuring  gross  counting  r^tes  is  'the 
scintillation  well  counter.    It  consists  of  a  crystal,  usually  sodium 
iodide  activated  with  thallium,  in  which  a  small  hole  is  bored  to  permit 
entry  of  a  aajnple  viai.    The  sodijjb  iodide  crystal  is  connected  to  t^e 
front  of  a  photomultiplier  tube  by  a  light  pipe- and  the  crystal  and  tube 
are  surrounded  by  an  aluminum  housing.    The  detector  unit  (the  crystal 
.    and  photomultiplier  tube  in  the  aluminum  ho^osing)  is  equipped  with  some 
type  of  lead  shielding. 

*^    '  * 
The  scintillation  detector  is  preferred  for  counting  gamma  radiation 
because  splid  sodium  iodide  is  more  efficient  in  attenuating  gamma  racjia-  * 
tion  than  is  the  gas  filled  GM  or  proportional  counter  'tube.    When  gamma 
radiation  interacts  with  the  sodium  iqdlde  crystal,  some  9f  the  gftrmnfl  — 
^radiation  will  interact  by.pne  of  three  possible  processes.    These  are: 

a;  Photoelectric. 

b.  Compton  interaction.  • 

f  * 

c.  Pair  production.  ♦  •     '  \ 

.  . 

In  each  of  the  above  processes,  energetic  electrons  are  ejected  from  an 
^tom.    This  electron  loses  its  energy  either  bj^  ionization  or  excitation 
of,  the  atoms  through  which  it  is  passing.    When^he  sodium  iodide  atoms 
are  excited,  they  re-emit  this  excitation  energyUn'the  form  of  light 
,     photons/  The  number  of  photons  prod!uced  is  p'roportional  to  the  energy  of 
the  particle  '-producing  the  excitation. 

.     •  -  .       .•  ■  ■      .  y      '  \ 

The  photomultiplier  tube  contains  a  photo  cathode,  usually  made  of  silver- 
magnes.ium  or  cesium-antimony.    When  the  light  photons  strike  the'pjiqto* 
catliode,  ''photoelectrons"       i      2 energy  are  ejected  approximately  10 
to  15^  of  "the  time.    These  photo  electrons/ fo^rm  a  photo  elect2;ic  current  - 
which  is  amplified  by  passage  along  , a  series  o.f  dy|tb<ig||.^^DynQdes,are  elec- 
trodes so  arranged '  that  the  electrons  frcani  e^ch  preceding  dynoder  are 'focus^d*^ 
.  pn  the  next  dynode.  'Each  dynode  in  thg'  series  is  at  a  higher  potential 
y     (approximate]^  150  volts  in  most  case§)  than  that  of  the  preceding  dynode. 
^         Thi^.  causes  production  of  secondary  electrons  at  the  next  dynode  surface.. 

Tlie  photoeleetrons  in  pas  sing- throt^h  the  dynode  ^series  are  join^d'by  more 
and  m9re  secondary  electrons,  which  results  iri  an  amplified  cUrrent. 

"  Since  the  number  of  light  photons  produced  is  dependent  on  the  energy  'of  ' 
the  photoelectric,  Compton  or  pair  production  electron,  which  Iri  turn  is 
dependent  on  the  energy  of  the  gamma  radiation^  the  scintillation  detector 
responds  differently  to  gamma  radiation  of  different  energy. 

8.-     Background  Corrections.  '  . 

Regardless  bf  the  detecting  unit  used  with  the  scaler,^  correction  must  be 
made  for  the  count  due  to  background  radiation.,  BackgroundTradiation  is 
radiation  arising  from  cosmic  rays  and  stray  radiations  from  pther  sources. 
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The  total  r*ecoi:ded,  counts  are  actually  from  two  sources;  the*  first  is  the  • 
sample  itself,  and 'the  second  is  background  radiation.    That  is: 

Htotal   =  ^sample  •     *^background  \  ' 

where  ^  ' 

^total  observed  'bdunting  rate 

^sample  '"^^^  counting  rate  of  ^he  sample, 

and   ^-background       "^^^  counting  r^te  of  the  background  radiations. 

,*  •  •  <* 

The  background  counting  rate 'is  deterrainei  by  counting  with  the  detecting 

unit^  empty.    The  specif ia  method  used  Tor  correction  depends  on  the 

detecting  unit  used^  but  in  general  to  determine  the  true  count  of  any 

sample  the  background  count  is  subtrac^^ed  from  the  total  count. 

Random  Fluctuation  Error.    The  decay  of  an  individual  atom  in  the  so\irce 
being  counted  is  a  matter  which  is  totally  unpredictable.    It  may  be  said 
that  the  decay  of  an  atom  occurs  at  i^andqm.    In  spite  of  the  individual 
randomness  of  the  d^cay  process  in  the  source,  >the  number  of  decays  observed 
from  a  source  cpnsisting  ofra  large  number  of  atoms  tends  to  conform  to  a 
certain  expected  .valUe.  '  This  tendency  to  ajpproach  an  expected  .v^lue  biecomes 
count  as  an  estimate  of  the  expetited  count/  .  *^ 

'        >       '  /  >       '  '  •  '  ^  " 

This  random  fluctuation  of  the  obseived  QountT  at^out  the  expected  count 
inWoduces  an  error  into,  scaler  counting*  5resul,ts:.    The  err-^r  is  inherent 

fin  .the  nature 'of  ralfioactive  dec^y,   ,d  in  no;i- preventable.    Since  the 
amount  of  the  deviation  of  o&ervea  'feount  from  expected  count  is  not 
predictable,  it.  is  impossible,  to  introduce  a' correction  for  the  error/  The 
only  recourse  is  to  count  a  sufficient  number  of  decays  so  that  the  effect 
of  the  random  fluctuations  is  reduced  to  negligibility,  the  observed  count 
then  approximating  closely  the  expected  count.    However,  in  practice. this;  ' 
is  seldom  feaai^l^,  but  after  a  numbeSrof 'counts  have  been  made  we  can 

^calculate  the  p^oba'^ie  error.  -This  can, be -done 'by  use  of  the  graph  on 
page  il8  of  Pam  25  .     Ip&tructi'ons,  for  use  of  the  graph  are  contained  in 

/Pam  25 .        -    ,         '  *  .  ,  , 
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.SAMELE  HOLDING  DEVICES 


DETECTING 
ELEMENT 


o.  All  the  equipment  shown  above  will  be  contained  in  a  lead  pig 
80  K  to  reduce  the  background  radiation    the;  sample  holding  device 
may  consist- of  lucite  blocks  with  grooves  in  which  samples  can  be 
slid  in  and  out 


Scintillation  well 


Reference' 
Mark 


: 

>  t 

-erIc 


^  |j.  Thejoei!  i  slembly  elves  close  tolioj'/.  _ . 
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Laboz:atory  Exercise.  ,  •  '  ^  '  "  - 

A.  '   Determination  of  Operating  Vcltag*e.  '      .  ^ 

1.      Check  to  be  sure  the  cord  from  the  GM  tube  in  the  lead  pig  is 
1   plugged  into  the  receirtacle  marked  "GM"^  at  the  rear  of  the*^ scaler. 

^      2.'  Make  sure  all  switches  are  OFF.   |  | 

v3- "  Make  sure  the  line  cord  from  the  scaler  is.  plugged  in. 

t     h.  Turn* power  switch  ON.  1  ' 

5.  Make  sure  the  high  voltage  control  is  fully  counterclockwise. 

6.  .  Turn  high  voltage  power  switch  ON  (voltmeter  should  register  aboOt 
*    .  300  v^olts).  ... 

7.  Depress  reset  switch  unfcii  all  glow  tubes' register  "zero,'* 

8.  Turn  count  switch ^nto  the  UP  position.  C  -  " 

9.  If  timer  i's'not  operating,  dejjress  the^^fewitch  on  the  timer. 

I  •  ^ 

10..    Open  the  door  of  the  le^d  pig  and  place  the  radioactive  source  in 
one  of  the  grooves ^(usually  second  from  the  top). 

^  11.      Rotate  the  high  Ventage  control  slowly  and  stop  when  the  right- 
hand  glow  tube  first  starts  to  register  counts.  -Decrease  the 
voltage  50  volts.    This  is  the  starting  potential. 

12.      Depress  the  count  switch  and  zefo  the  timer.  ^ 

,  13.  ,    Turn  the  count  ^itch  up  and  take  a  2-nninute  count,  turning  timer 
and  scaler,  off  with  the  covmt', switch.  »  • 

lif.      Recdrd  J;he  number"of  counts  and  tiie  voltage  pn  the  data  sheet. 

15.  Increase  hi^h  voltage  by  5 0  Volts  and  take  a  2-rninute  count. 

16 . »     Record  voltage  and  counts  per  minute.*  -  ^ 

17.  Zero  djcade  tubes  and  timer. 


18.     Repeatt  s'tcips  15i  .thrpugh  ^17  tinti\  a  5*00  count 
^  over  the  rirevl^us  count  i^s  recoAed  OR  until 
by  the  instructor  is  r^ached.    DO -NOT  EXCEED 


pel*  minute  increase  ^ 
a  volrtage  specified 
this  vdlt^ge.v  \  , 


19.  Turn  high  voltage  control  Rnob  fully  counterclockwise,  * 

20,  Tctfh  high  voltage  OFF.  "  '      ^  ' 
"  21 J      Turn  power "OFF.        .  .  V  . 

22.      Remove  radioactive  sourcfe  from  lead  pig.  ,  '    -    \  i 

i-  - 

processing' DATA -j  '  ^  ^ 

Plot  cfcunts  per  minute  VS  voltage  x>n  ilinear  graph  paper  (will  be  fiirnifehed 
by  the  instructor)  and  draw  a  smooth  line  jthrough  toe  points./  The  result- 
ing curve  w'dll  be  characteristic  for  the  GM  tube  used.    The* operating  * 
voltage  can  now-  be  selected  on  the  .flat  portion  of  the  curve,  ohe-third  of 
the  distance  from  plateau  beginning  to  onset  of  continuous  discharge. 


'  f 


'3.  Dazk. 
IHSTRUI4ENT-  MAKE* 


MODEL 


SCAI£R  NO. 


DATA  FOR  ?L0TT;ENG  CM  PLATEAU  * 


yOLTAGE  . 
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C»      Determination  of  Resolving  Time.        1  * 

,  Data  for  tije  resolving  time  determination  will  be  obtained  as  outlined 
in  paragraph  12.8  of  ST  3-155. 


V 


2. 


5. 
6. 


Obtain  a  handling  tool  and  two:(2)  radiation  sources  from  the  instruc- 
"  tor.    The  sources  are  on  a  double-holed  plastic iplanchet  holder. 

.     1     •  I  •  • 

Rem(fve  the  left  source  with  the  handling  tool  and  place  it  on  a  piece 
of  paper  on  the  lab  bench.    Place  the  right  source  and  planchet  on 
the  third yjshelf  in  the^  lead  pig  with  the  planchet  to  the  right  rejar 
and  count.    Thi'S  is  ^Jte  value  for  Ri** 

Carefully  remove  the  source  holder  frcan  the  scaler  counter  and  place 
.the  second  source  on  the  holder  (left  side)  with  the  first  source, 
Replace  the  holder  into  the  scaler  in  tfte'  identical  position  as       |  ' 
before  and  count  the  combined  sources.    This  is  the  ^^1^®*  * 

i   .  '  * 

Rejj^pve  the  right  source  and  count  the  left  source  by  itself, 
is  the  Ro  value.* 

Remove  tli^  planchet  and  run  a  background  *count. 
Calculate  the  resolving  time  of  the  GM  t'ube.*^ 


This 


1,2 


Badi'^round 


'  TABL2  I 
Tqtal  Count 


cpn 


1,2  = 


\  = 


J 


1  J 


i2. 


Graph  Construct i£n.  *  '  .  '  . 

A'graph  of  observed  counts *per  minute  (R^)  versus  counts  per  minute* 

to  be  ^Ldd^d \AEI  can  be  constructed  on  log-log  gr^ph  paper.  When^ 
the  constjrvicted  c\^e  (strgiight  line)  i§  employed,  the  true  counting 
rate  ('R)^niair  be  ob^Kined  ty  adding  to  any  given  value  of       the^  value 
of  Al^  corresponding 'tl  n^^rpad  from  the  graph. 


From  the  equation'  R  -        =  AR 


where;  AR 


TJie  correction  factor  in  cpm  to  be  added  to 
•  observed  counting  rate. 


R    =    The  true  counting  rate,  cpm. 
R     =    The  obs^rvM  counting- rate,  cpm. 


then: 


AR 


R  r 


1  -  R  r 

»\  o 


(2)     \se6  para  1^.8,  ST  3-155) 


Use  the  values  of  '"J;    obtained-  in  C  ^bove  and  complete  Table  II  by 

substituting  the  listed  values  of  R    in  equation  2  above  and  solving 
*    >  '  o    '  ^  ,  ^ 

for  the  corresponding  AR.  J=*Iot  the  .and  AR  pairs  on  the  log-log 
graph  pj^ovlded;  the  .observed  count  (R*^)  is*  plotted  on  the  veVtical 
abcis  and  the  counts  to-be  ^dded^to  R  (AR)  on, the  horizontal  axis* 

.  -i  

TABLE  ir     :       ^        ^  ^ 


-5,0^0 
10,000 

^  33',*o6o 
50,  ocfe 


^JS'RCcpm)  ^ 


V 


r. 


\ 


I  1  t  ^ 

IV.    ProtieTis  -  Introduction  to  Scaler  Counting.        *  .  ^ 

.         *     *  ' 

1.    To  deterrpine  the  resolving  tim^  of  a  particular  GM  \tube,  the  following 
da-ta  were  obtained:  ^  '  '    ,  , 


The  observed  cou]1i>*Cnegligible  background)  of  a  particular  sample 
u-sing  this  tube  was  500  cpm.    What  would  oe  the  true  count? 


Another  sample  gave  an  observed -count  (negligibie  background) 
of  20,000  cpm.     Calculate  AR  (counts  to  be  added  to  the  observed 
count  to  obtain  the  "tePie  count)  for  this  observed  count. 


I  I 
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d.    Calculate  the  maximuin  counting  rate  in*cpm  of  this  GM  tUbe. 
7  .   •  . 


{  > 


A  known  source  has  a  disintegration  rate  of  5/000  dpm.    When  counted 
on  a  acaier  the  observed  count  was-  750  cpm.  What  vas  the  efficiency 
of  tbfe  scaler  wunter?  _  , 


A 
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An  unknown  source  counted  on  a  scaler  counter  had  an  observed  counting 
rpte  of  7,400  cpm.    The  overall  efficiency  of  tjhe  scaler  was  10*^o. 

a.    What  is  the.  disintegration  ratW  of  the  sajnple? 


b.    )*hat  was  the  activity  in  miarpcuri4s  of  tlie  ab^e  sample? 


L 


29  7  ■ 


4/  A  certeiin  scaler  had  a  resolving  time  of  1  x  10*    min/count.  An 
observed  counting  rate  of  100,000  cpm  was  obtained  on  thls'scale'r. 

of  the  tQtal  disintegrations  of  the  sample  were  lost  due  to 
geometry  and  sensitivity  errors.    Hpw  many  mlcrocuries.'aiie  present 
iri  the  sample  counted?  /  ' 
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V.    Solutions  to  Problems. 


ERIC 


i.8o(id)^'  -  0.723(10)^  -■  (10) 


20l»0 


2.0»*0(10)^__ 

3*;^7  (iO)'^  lilin/ count 


"    1  -  (500)(3'^T  X  10"^) 


?   =    1  -  0.017^^ 


500  ; 

0.9&3' 


R 
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c.  AR 


1  -  R- 


AR   =    (3.^7  a  lA"^)(2.0  X  lo'^) 

.    1  -  (3>7  \  10"5.)(2.0  X  lO*^) 


AR  .  = 


1.388  X  10^ 


l--'6.sk  (10)" 


■    ■  0-306  • 


C  ■ 


-fiR'^  ^  ^.55^x  10^  cpm- 


\ax>''  V=  -  ^ 


;R    '  '.=  .  J- 
majc  ,  7^ 


max 


,-5 


oynt  rai 


dislntegrati^  r^^e 


5000 
0.15  or  13i 
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R 

Eff  = 

0 

dpm 

*  dpm  = 

'  Eff 

•  7kOO 

dpm  = 

''  .0.1 

dpm  = 

1 

=    7.1+  X  10 

-2 


1  min  s    /         34iCi        ^    _    ^.c^^  x  lO"  txCi 


k.    Resolving  time. correction. 
AR.  =   


1  -  R 


■<  •  ^-  .  1  -  itt^do-^)^"  ■  - 

.id^  ■  •  - 
=  0:9^ 

=  '  l..li  X  lo'^  counts  lost 
Counts  corrected  for  resolving  time.  ^ 
R/=    R^        AR   .  '    \  ^ 

=    100,000  +  11,100 
R    =    1-11,100-  .        *  •  ' 

Geometry  and  energy  correction-. 

'  ■     111, 100         .  ' 
^'P^   =  0.1 

=    1,111,000  dpm 

=    1.111  X  10  dpm 

6  dis  /I  min  n   %    ^    q  ^ci. 


sec 
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DF212,  CHARACTERISTICS  AND  DETECTION  OFNEVTROI^ 
efercnces  and  Discussioa.  ' 


Discussion: 
1.  General. 


Neutrons  have  properties  vhich  make  t^emcimportant  in  contemporai-y  . 
science  and  technology.    Beca-ose  they- are  uncharged  heavy  particles 
neutrons  induce  many  nuclear  reactions  which' are  a  valuable. source  ' 
of  information  about- the  nucleus.    The  most  striking  use  of  neutrons 
is  in  the  chain  reaction  Involving  fissile  ma^e^ials  in  nuclear 
reactors  and  in  weaponry. 

•There  are  no  radioisotopes  of  practical  significance  whicTi  emit 
neutrons  directl^r,  except  ^during 'the  fissioning  df  certain  heavy  ' 
.element  isotopes.    Neutrons  can  be  produced  indiiSsctly,  however  ' 
by  a  number  of  nuclear  processes' involving  charge'd  particles  or  ' 
energetic  gamma  photons  as  projectiles.  ' 

Th.e  absorption  of  an  alpha  particle  by  the  nucleus  of -berylllm-9 
With  ohe  subsequent  emission  of  a  neutron  is  one*examplec  and  may 
be  written  as  follows:  f    ,         m  j  ^ 

.  ?Be'  +    he    -     ,^71    +1%:+    5.70  Mev  ,    •  • 

r  ' 

or     ^e  (a  ,  n) 

Although  a  small-part  of  the  5-70  Mev  energy  is  imparted  to  the 
product  nuclei  in  recoil,  most  of  the  energy  is  imparted  to  the'  • 
emitted  neutron.  '  ' 

Classification  of  Neutrons!  .  ""^ 

Ne.utron  energy  is  an  important  factor  in  the  interactions  of  neutrons  ' 
With  matter.    We  therefore  classify  neutrons  according  to  their  ■ 
and'"f?«V..  ^^t  "thermal,  ■'  "epithermal  (slow  and  intermediate), 

and  -fast"  each  represent  a  broad,  rather  indefinite  range  of  energies 
These  energy  I'anges  are:  ,  .  •       e  <=  b-ico. 

a,  Thermal  neutrons  (up 'to  O.925  ev) .    Thermal  neutrons  are  in 

-  thermal  equilibrium  with  their  environment  at  standard  tempera- 
ture and  pressure,  '  ?         .  ^ 

b.  '-    Slow  neutrons  (0.025  ev  to  100  ev).    Slow  neutrons  are  at  the 

lover- end  of  the  epithermal  range.  - 
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c-'"   Intermediate  neutrons  (lOO  ev  to  100  Icev) .    Itxtermediate  neutrops 
"  '    COTiplete  zh6  epithermal  range  and  are  the  most  difficult  to  detect. 

di  ,■  Fast  neutrons  (greater  than  100  kev) . 
•UTEERACfflON  OF  NEIJTRONS  WITH  MATTER. 

»»    ,  * 

For  heutrons  to  inter.act  with  matter,  they  must  either  enter  the  nucleus 
or j=ome  sufficiently  close  to  it  for  the  nuclear  forces  to  interact .  The 
reaction  of  a  neutron  vith  a  nucleus.        can  be  represented  as 


where  {^■*"\x).  represents  the  compound  nucleus  in  an  excited  state.  The 
excess  energy  of  th6  compound  nucleus  may  b6  removed  "by,  the  emission  of 
one  or  more  particles.,  ... 

Processed  in  which  neutrons  are  emitted  are  referred  to  as  scattering 
processes.    The  scattering  is  inelastic  or  elastic,  depending  on  whether; 
the  nucleus  is  left  in  an  excited  sta^e  (nonconservation  of  "energy)  01: 
in  an  unexcited  s-tate  (conservation  of. energy).    In  either  case,  the 
neutron  energy' is  degraded,  the  amount  of  degradation. being  larger  for 
inelastic  scattering.  .  ,  • 

•Processes  in  which  neutrons  are  absorbed  and  a  dtfferent^particle  or 
photon  is  emitted  are  referred  to. as  absorption . 

The^various  mechanisms , by  which  neutrons  interact  with  matter  are: 

•'      •  ,  a. 

a    •  Elastic  scatterir^,  (n,  n)\    In  elastic -scattering  the  Initial . 

kinetic  energy  .of  the  neutron  is  shared  with  the  target  nucleus.  ■ 
The  nucleus  recoils  and  .is  not  lef t~ in  an  .excited  state.  Energy 
'  is  conserved  in- this.iriter^ction.    The  smaller  the  mass  of  the 
nucleus    the  greater  the  fraction  of  the  kinetic  energy  absorbed 
by  the  nucleus.    Therefore,  light  nuclei  are  better  for  Slowing 
.down  fast  neutrons.  • 

b.'    Inelastic    scattering,  (h;  n),  (n,  n7  )  oi^  (n,  2n) .    This  pro6ess 

is  energetically  possible  only  for  fast  neutrons.    The  nucleug  is  , 
left. in  an  excited  state  and  energy  is  not  conserved  by  the  inter-  • 
action.    However,  the  subsequent  Ic^ss  of  'this  .excess  energy  of  the 
nucleus  wiU 'satisfy  the  law  of  conserve  ion;  of  energy. 


/ 


c.  Radiative  capture,  (n,/).    This  absorption  reaction  is  probably 
^  the  most  ccnmon  of  all  reactions,  since  thermal  neutrons  induce 

^his  reaction- in  nearljr  all  nuclides.    Radiative  capture  also 
-occurs  with  a  very  high  'prcrbability  for  a  number  of  nuclideTln 
the  epi thermal  range.    T^is  phenomenon  is  known- as  resonance     ■  " 
capture.    The  gama  photons  emitted  in  the  (n,/)  reaction  usually 
have  energies  of  several  Mev. 

d.  Absorption  with  charged  particle  emission,-' (n,  p),(n,dl^_(<l^)     '  . 
etc.    This  type  of  inaction. is  most  probable  for  ligHtnuclides 

and  fast  neutrons  since  the.  charged  particles  must  overcoitie  the  ' 
:  Coulomb  barrier  before  escaping  the  nucleus .    Important  exceptions 
are  the  (n,^)  reactions  which  are  sufficiently  exothermic  to  allow 
the  escape  from  the  Coulmb  barrier  even  with  thermal  neutrons. 
The  °Li(n,qf-)  and  the  ^%in,Q^)  reactiorts. are  in  this  latter  category: 

^  e.  ■  \ Absorption >ith.  fission  (n,f).    The  Compound  nucleus  splits  into 
two  or  more" fission  fragments  and  one  or  more  neutrons.  Fission 
occurs  with  thennal  neutrons  in  ^3^,  233     ^nd  ^^^Tn  and  with' 
fast -neutrons  in  many  heavy  nuclides.        7»  ' 

f.  '  High  ^energy  processes.  The  bmbardment  of  a  nucleus  vith  highly 
energetic  ^ (above  100  Mev)  neutrons  njay  result  in  the  emission  of 
a  shower  of  many  different  types  of  particles. 

NUCLEAR' CROSS  SECTIONS      "  * 

A  statistical  description  of  neutron  interaction  with  nuclei  can  be 
made  through  the  use  of  "the  concept  of  nuclear  cross  sections.  The 
concept  of  a  nuclear  cross  section  cari  be  most  easily  visualized  as  * 
the  target  area  presented  by  a  nucleus  to  an'  incident  particle.  The 

size    of  this  target  area  will  depend  upon*  the  energy  of  the  incident 
neutron  and  on  the  particular  target  nuclei.    ThJLs  dependence  on 
neutron  er^ergy  and  the  target  type. is  included  in  the  nuSlear  cross 
•  section  and  measured  in  cm^.    Since  nuclear  cross ''sept ions  often  have 
values  on  the  order  of  10"^^  cm^,  this  quantity  was  arbitrarily  chosen 
a6  the  cross  section  unit;    this  unit  is  called  a  barn. 

The  physical  significance  of  nul2le6r|  cross  sections  is  that  it  gives 
a  relative  probability  for  the  oc<;jirrence  6f  a  specific  reaction.  The 
higher  the  cross  section,  the  highei-  the  probability  that  this  reaction 
will  occur  in  preference  to  some  other  reaction  with  a  lower  value  for 
its^cross  section. 
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NEUTRON  SOURCES  "  ,     /  .         '  ■  -       ,  ■ 

There  are  no  naturaUy  occurSng  long  lived  radioisotopes  which  produce 
neutrons.    The  production  of  neutrons  therefore,  depends  on. neutrofl  inter- 
actions as  discussed  in  paragraph  3.    Some  of  the  more  important  neu- 
tron sources  which  you  may  come  in  contact  with  are  .discussed  below, 
'>  -  .     ■  -  ■ 

a.     .Alpha-neutron  source.  .       *    .  - 

i  '  ,  ^ 

In  an  alpha-neutron  source,  an  alpha- emitting  isotope  is  mixed  as 
thoroughl^r  as  possible  or  ccmlDined'  in  a  chaniCal  ccmpound  or  alloy 
with  a  target  material  such  as  beryllium.  .  The  selection  of  the 
alpha-emitter  may  depend  on  a  variety  of  parameters  to  include  alpha 
'  energy  required, "half -JJ-fe  and  cost..  Radium  and  polonium  a;:e  com- 
monly .used  alpha  emitters,  although  others  are  attaining  greater 
utilization.  -  «  •  '. 

Various  target  materials  can  be  mixed  with  an  alpha  emitter  to' 
obtain  an  alpha-neujron  source.  The  prime  parameter  in  target 
material  selection  is  the  neutron  yield  which  4s  different  for 
different  target  materials.  The  yield  from  .a  given  target. mate- 
rial alBO  depends  on  the  alpha  energy.  Alphas  (5.30  Mev)  from 
polonium  210  produce,  neutron  yieMs  as-  follows: 

Target       -  .  Neutrons  per  million  alphas 


Carbon 


0.1 


Lithium  '    2. 7 


Boron 


22.0 


V.    Beryllium   •■  T7.0  •     '  , 

The  neutron. yield  for  «  specific  target  material  varies  with  the 
alpha  energy.  'An  example. for  a  beryllium  target  material  is  as 
follows:-  ■         .  •     '  . 

Alpha  Energy  in  Mev  ^Neutrons  per  million . alphas  . 


3.0 
k.O 
5.0 
5.3 


2.7 
26.0 

61.0 
77.0 
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Since  a  beryllium  target  produces  a  relatively  large  neutron 
yield  and  is  of  low  cost,  it  is  almost  always  selected  as'  the 
target  material  for  small  portable  neutron  sourc^J 

>  ^   From  practical  and  radiological  safety  considerations  the  gamma 
radiation  output  from  an  alpha-neutron  source  must  be  evaluated. 
Gamma  radiation  may  be  present  frpm  the  alpha-emitter,  from  the 
decay  of  target  nuclei  left  in  an  excited  state  by  the  alpha- 
neutron  reactiion,  and  from  radioactive  impurities  in  the  alpha 
emitter.  *  \ 

Exact  gamura  radiation  outputs  depend  on  the  details  of  encapsula- 
^  tion.  In  evaluating  the'  shielding  of  these  gammas  in  conjunction 
with  the  neutrons,  the  gamma  energies  which  vary  with  the  type  of 
neutron  source  must  be  considered  in  canparison  vith  the  relative 
gamma  output.  Shielding  against  gamma  radiation  is  usually  required 
with  Ra:Be,  but  not  with  Po: Be.  /  > 

b,  Photoneutron  sources,  •  ^ 

.     ,  lleutrons  from  a  photoneutron  source  (y  ,n)  may  be  considered  to  be 
monoenergetic  for  mokt  practical  purposes.,    Photone.utron  sources 
produce  -much  lower  yieMs  per  curie  than  alpha-neutron  sources  and 
are  also  less  convenient  to  handle  because  of  the  numerous  and  ener- 
getic gammas.    When  a  monoenergetic  neutron  source  is  desired,  how- 
ever, photoneutron  s(|nircer  may  be  superior  to  alpha-neutron  sources. 

Antimony- bei^yllium  (^b:Be)      is  a  caranonly  used  photoneutron  source 
due  to  its  relatively  long  half-life,  high  yield,  and  Iqw  cost. 

c.  Particle  accelerator^  and  nuclear  reactors  (fisBion)  also  produce 
large  quantities  of  nputrons  when  operational. 

ASPECTS  OF  NEUTRON  50URCEs|  OF  PARTICULAR  INTEREST  TO  RADIOLOGICAL  SAFETT 
ARE:*  -  1 

a.  Certain  elements  when  'intricately  mixed  with  sej.ect  alDha  emitters 
or  in  close ^proximity  to  select  gamma  emitters  wiU  emit  copious 
neutrons.        ,  *  1      .  *  :  . 

b.  Neutron  emissions  are  tisually  accompanied  by  gamma  radiations  of 
varying  intensities.  \ 

Certain  neutron  sources  linvolve  the  emission  of  alpha  particles  and 
.the  release  of  radioactive  'radon  gas. 
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Particle  accelerators,  nuclear  rfeactoid^,  and  nuclear  veapons 
are  sources  of  neutrons*.        *    "       ^  ^ 

Sealed  neutron  source  capsules  can  leak  and  become  a  hazard. 
The  hazard  is  primarily  due  to  the  initiator,  such  as  Radium 
:which.may  emit  ct  ,^  and/or  ff  radiation,_____ 


\ 
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Where 


EQUATIONS 
/ 


0^  =    neutron  flux  (neutrons/sec-cm^)  " 
Q    =    neutron  emission  rate  (neutrons/sec)* 
*  d    =    distance  from  neutron  source'  ( erg) 


4  .  W 

2.      Neutron  dose  (Title  10,  Sec  20.k) 


»  Dose  - 


0  X  Time 


neutrons/cm^  per 


rem. 
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II.    Lesson  Objectives  and  Notes: 

A.      Characteristics'  of  neutrons  and  methods  of  detection/ 

r  .  . 

B1      Calculation  of  neutron  dose... 


r. 
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Notes: 


HE.    Laboratory  Exercise  and/or' Handouts:  None 
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VI.  Problems. 


!•     'B.     A  certain  neutron  source  has  a  neutron  emission  rate  of 

10^  neutron/sec.    What  is  the  neutron  flux  at  1  meter? 
2  meters?    3  meters? 


b.     What  total  dose  would  be  received  in  Thour  from  the 
above  source  at- each  of  the  three  distances?  Assume 
all  neutrons  have  energies  greater  than  10  mev. 


3J3 
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A  neutron  gun  has  an  emission  rate  of  5  x  10°  n/sec/  What  is  .the 
maximum  flux  of /this  gun  at  the  following '^distances: 

,a.'  '  100  cm?  ;    '  V  " 

b.  10  cm? 

c.  -'    2  cm? 


4 


3.'  a. 


Wh.at  total  dose  should  be^  recorded  if  an  e:cposure  of 

loot  X  10.^  n/'cia^  vere  received  from  a  neutron  source 
vith  -the  following  spectra? 


Energy  (Mev) 

0,0001 
'  0.1 

2.5 

T.5 


Total  Neutrons 

71.T 

11.95 
11.55 


b.     V7Jiat  -total  dos.e  would,  be  recorded  if  the  spectrum  was  unknown?' 


I'  • 


ERIC 


3  0'5 


315 


V.    SolAitions  to  Problems. 
1,      a.     At  1  meter 


-        6.08  Q 
0    =   2  

d 

0.08(10^) 
(100)2 


2 

sec-cm 


At  2  meters 

■  0  ....^  0.08(10^) 
;    .'^  (20p)2  ► 


=    2  ^ 


2 

sec-cm 


At  3  meters 


0    =    0-08(10^)  . 
(300)2 

=  0.89   ^^-^ 

sec-cm  . 


b.      One  hour    =    36OO  sec. 
Dose  at  1  meter. 


8  S__    (3600  sec)(    rrem  ,    )    ^    2.06  x  lO'S  rem 

sec -cm  .  lWlO°  -A- 


=    2.06  mrem 


"303  ' 


erIc  . 


Dose  ^at  2  meters 

(2  ^){3600  sec){J^  )    =    0.31  mrem 

sec-cm"^    .  iiixlO  ^   


Dose  at  3  meters 
-7  ■  


0  = 


/^,,       n-.,,  .,    1  rem 

[O.&i  -) (3600  sec) (  )    =    0.229  mrem 

sec-cm'^  14x10  ^   

0.08  Q 

 7:  

0.08(5x10^) 


(100)2 
kO  n/  cm  /  sec- 


0  = 


0.08(5xl06)  . 

(10)^ 

=  1^.0  X  10-^  n/  cm^/  sec 
0    Z  (0.08)(5xl06) 


(2)2 

'*  1  X  10^  n/cm2/sec 
4 
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Calculate  total  neutrons  at  each  energy.  , 

(0.0001  Mev)     look  x  10^  n/cm^  (0.717)   =  720  x  10^  n/cm^ 

^  (0.  1  Mev)        '  lOOU  X  ao^  n/cm^  (0.  1195)  120  x  10^  n/cm^ 

(2.5  Uev)  look  X  10^  n/cm^  (0.  1155)  =  116     10^  n/cm^ 

(7.5  Mev)  lOOU  X  la^  n/cm^  (0.0478)  =     HQ  x,10^  n/cm* 

From  10CFR20  get  values  .of  neutrons/cm    to  cause  1  rem  dose 
Tor  each  energy. 

Energy  (Mev)  Neutrons/cm^/rem      -  , 

0.0001     ,  '  720-x  10^ 

0.1         ^  120  X.  10 

\^.2.5       ^  29  X  10^  • 

^  7.5  .2k  X  10^  .       '  ' 

Calculate  dose  by  dividing  total  neutron  exposure  by  neutrons/cm^/rem 
for  each  energy.  ,  .  . 

Dos3    ^    T20  X  10^     ^    120  x  10^     ^    II6  x  10^     ,  U8  x  10^- 
720  X  10^  120  X  10^     -       29  X  10^         2k  X  10^^ 

=    l+    l+    U    +    2  ,  ' 

='  8  rem 


■3O8 
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heri  spectrum  is  tu?Knovr  ioCFR^ 
14  X  10    n/cm    equal  to  1  rem. 


Dws  you  to  use  the  value 


Dbse  = 


Total *neutrons/cm 
Neutrons/cm^/rem 

look  X  10^ 


,2  " 


Ik.x  10^ 
=    71. T  rem 

This  would  be  the  dose  recorded  if  the  spectrum  was  unknown 
even  though  the  actual  dose  in  this  case  was  only  8  rem. 
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*DF230',  SHIELDING  PROPERTIES  OF  MATERIALS 

References  and  Discxissipn:    ST  3-155, 'para  if. 10;  Radl  Saf  Handbook  DF230. 

/ 

A.      Review  of  Interactions  of^Gamma  Rays  with  Matter. 

1.  Gainma  radiation  is  attenuated  by  three  processes: 

a.  'Photoelectric  effect  -  where  the  gamma  photon  strikes 

^   the  orbital  electron  and  gives  up  allr  of  its  energy  to 
the  electron;  ejecting  it  from  the  atbm. 

b.  Compton ^effect  -  where  the  gamma  photon  strikes  the 
orbital  electron  and  gives  part  of  its  energy  to  the 

^  electron.    The  remaining  energy  goes  off  as  a  weaker 

gamma  capable  of  producing  more  ionization  l)efore  its 
*^  ener^  is  completely  used  up.    The  ejected  electron 

act3  the  same  as  low-energy  beta  particles, 

c.  Pair  production  -  where  the  gfimma  phqton  patsses  in 

close  proximity  to  the  nucleu$  of  an  atom  and  is  con-  ^ 
verted  into  an  electron  and  a  positron.    Dater  the  " 

i)osi-t>ron  will  'r e combine-^ it h^an  electron  and  produce  

two  other  gamma  photons  of  lesser  energy  which  will 
be  attenuated  by  the  photoelectric  or  Ccxnpton  effecf. 

2.  Since  the"^  photoelectric  and  Compton  effects  depend  upon  ^ 
,interactibn  vfith  electrons,  materials  with  large  numbers 
of  electrons  pej-  unit  volume  will  make  the  best  gamma 
shieHing  materials.    For  this  reason,  dense  materials  * 
like  lead,  steel,  and  concrete  are  some  of  the  better 
shielding  materials.  ,  ' 

3*      ^or  gamma  radiation  to  be  attenuated  the  gamma  photons       '  ; 
must  strike  an  electron  or  pass  very  close  to  a  nucleus. 
The  probability  of  this  happening  is  not  very  great, 
because  of  the  vast  amount  of  space  existing  within  any 
material,    iheoj^etically,  tJ^en,  some  gamma  photons  will  ^ 
al\*ays  pass  through  any  amount  of  material  ^/ithout  being 
t         .  attenuated.    However,  we  can  appreciably  decrease ^the 
gamma  dose  rate  by  using  good  shielding  materials.' 

h.      Graphical  Solution  to  Shielding  Problems.  , 

a.      ShieJjding  problems  may  be  solved)  by  a  graphical  method. 
Semi-logarithmic  graph  paper  isused-fpr  this ^purpose. 
The  vertical  scale  is  logarithmic . and  will  be  used 'to 
plot  dose  rates.    The  linear  horizontal  scale  will  be 
used  for  shield  thickness. 
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b.      The  first  s'tep'is  to  mark  of f  the  axes  of  the  graph  paper.. 
Look  at  the  graph  paper  on  the  next  page.    The  dose  rate 
(log)  siale  is  divided  into*  decades,  or  powers  of  ten.  You 
must  determine  hov  m^ny  cyples  are  necessary  to^  represent' 
the  range  of  dose*  rates  of  interest.    To  do  this,  take  the 
maximm  dose  rate  'expected  and  the  minimum  dose  rate  expected 
to  determine^  the  range.    Then  determine  how  may  cycles  (powers 
of  ten)  are'  needed  to  cover  this  range.    For  example,  if  the 
rang-e  is  frpm  8  rad/hr  to  80  rad/hr,  twa  cycles  are  necessary; 
one.  cycle  from  1  to  10  ar;d  one  cycle  from  10  to  100  as  ^hown 
on  the  graph  on  page '322.  ' 

c".      To  solve  a  shielding  problem  by  t;he  graphical  method,  certain  * 
information  must  be  available.    The  unslrielded  dose  rate  (Bo)^ 
shielded  dose  rate. (r) ,* shield  thickness  (X),  and  shield  half- 
. thickness  (Xj^)  are  variables  which  must'  be  determined^ 

.  Haiji*  thickness  is  that  thickness  of  a  material  required  to, 
Veduce  the  vmshielded  dose  rate  .at  a'^point  to  one-half  its 
original  value-*    Given  any  three  o'f  these  the  ,f ourth  may  be 
determined  graphically. -  •  '  . 

d.    '  Example  Problem. 

'r 

The  unshielded  dose^rat.e  at'  a  point  is  80  rad/hr.    It  is 
desired  to  place  a  shifeld  of  half -thickness  10  cm  in  such  a 
^  way  as  to  reduce  the  dose  rate  to.  15  rad/hr.    What  thickness 
'  of  shield  is  required?  .        ^     j         ."^     .  . 

^Solution:     (See  page  321) 

Assume  the  shield  has  zero  thickness/ the  dose  rate  wiil  be 
J   -     80  rad/hr.    Locate  the  point  corresponding  to  0  thickness 
and  80  rad/hr  orl  the  graph  and  ma^-k  it.    Assume  the  shield 
is  10  cm*  thick,  since  this  is  one  half -thickness  the  dose 
rate  will  be  reduced  to  hO  rad/hr.    Locate  the  point  oA  the 
graph  'corresppriding  to' 10  cm,  kO  rad/hr  and, mark  it.  Draw 
a  straighi:  line  through  the  two  points  located  on  the' graph. 
.  •     This  line  rep??e§ents  the. dose  rate  corresponding  to  any 
sbield^thickfftess  for  a  shi^M  -made  of  this  material.  To 
d-et^rminp  "Ufie  thickness  required  to  reduce  the  dose  rate, to 
^.   15  rgtd/hr, ''locate  15  rad/hr  on  the  dose  rate  scale,  read  to 
the  right  until  you  reach  the^line.    -Bead  down  from  the  line 
to^the  thickness  sqale  an4  find  that  2h  cm  of  material  will 
*be  required  as  the  shield.  ^  ,  ^ 

Mathematical  SolutiQn  to  Shielding  Problems, 

In  a  previous  elass  (DFIOO)  you  were  introduced  to  the  shielding 
equation: 


CD 
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R    =    Shielded  dose  rate 


«    Unshielded  dose  rate 


\x    =    Total  lir\ear  absorption  (attenual^ion)  coefficient 

X    =    Shield  thickness 

You  also  were  shown  the  relationship  of  half -thickness  and  the 
equation  '  r 


Xi 


=  (2)  was  developed. 


2  \Ji 


This  expression  is  energy  dependent  because  \^  varies  witl\  the 
energy  of  the  gamma  ray  under  consideration.    In  order  1^o  obtain 
an  equation  which  may  be  used  for, an  approximate  solution,  it  is 
necessary  to  assunm  a  constant  energy  spectrum  which  would  maKe 

injppg^nfj f>jrfc  of  .^ergy.    If  this  is  done,  we 'may  rewrite 
equation  ^2) 

t*       —  A 
•         ,  2 


(3) 


•substlrtuting  into  equation  (l) 


R    =  Roe 


XI 

2 


taking  logarithms 


In  R    =    Qji       -  1^  (0,693)  V 


C5) 


but  0.693    =    In  2  ,so 

In  R    =.lnRo'-x7    In  2"  (6) 

'2  .'■  ^  ,    • .  ' 

Taking^  antilogarithm  of  the  above;  "expression  ve  get 


8 


R 


X 

2  2 


If  we  let  n  = 


equation  (7)  becomes 
-R    =  R 


■/*. 


_o 

n 
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(7) 


(8i 


•(9) 
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Eqaations  (8)  and  (9)  are  the  eqaations  we  will  use  to  solve  shielding 
problems  for  fiel4  approximation. 

6.      Use  of  the  2^"^  Tablea.  *  ' 

The  table  in  tTne  bacK  of  the  Radiological  Safety  Handbook  in  the  Radio-^ 
logical  Safety  Handboo?.  Supplenient,  and  in  ST  3-155,  parses  50-51;  lists 
vala3o  Df  2^^  corresponding  to  a  range  of  values  for  a.  'It  is  desirable 
to  sa^^e-oide  the  answ^^rs  to  out  shielding  problem  so*  rather  than  inter- 
polating between  values  in  the  t-able,  a  guide  is  provided  for  selecting  ' 
values  from  tne  table.    This  guiire' appears  at  the  top  of  the  2^  Table.  * 

Tne  use  of  t^e  i^uiis  for  safe-siding  iepond?  on  the  variable  which  is 
an*-Laown.    For  example,  if  x^e  thickness  is  -Onknown,  find  X  in  the  "unTaiown 
, column,  read  to  the  right.    Find  that  you  should  enter  the  table  with  2^,  . 
select  ':he  larger  value  of  2^  and:  leave  the  value  of  n  corresponding  to 
*  that  larger  value,         ^  ' 

V.      £f/ect  of  Shield  Position  on  Dose  Rate. 


diagram 


Due  to  the  scattering  which  occurs  when  a*beam  of  gamma  rays  passes 
throu'^h  a  shield  {Compton  effect)  there  is  an  angular  distribution 
to  those  radiations  emerging  .from  the  shield.    If  the  shield  (see 
fig  1(a))  is  placed  :'lose  ta-  t-he  d^tec^r^  a^,  number  of  scattered 
radiations  //ill  contribute  to  the  dose  rate.    If  t^he  shield  is 
placed  fur Cher  away  from  the  detector 


shield 


Detector 


Figure  1,^    (a)    Detector  close  to  shield 


shield 


Detector 


(b)    Shield  further  from  detector 


a  n-xnber  of  the  scattered  radlaticns  dete'^ed  when  the  shield  was 
close  to  the  meter  now  are*  not  detected.  This  gives  a  lower  dose 
rate  than  that  seen  originally.  This  phenomenon  is  knowr^  as'  dose 
rate  buildup.  ^. 

324     '  • 


The  equations  discusse<3  previously  in  paragraph  5  do  not  hold' 
when  the  detector  is  close  enough ^o  the  shield  that  dose  rate 
buildup  is  observed^    For  this  particular  problem  a  correction 
must  be  made  to  account  for  dose  rS-te  buildup ♦    The  dose  rate 
buildup  factor  '*b**  is  applied  to  Equation  (1)  to  obtain 


R 


(1,0) 


"Shis  buildup  factor  may  be  determined  from  charts  in  Pam  25. 
On  pages  145-147,  Pam  25,  are  the  dose  rate  buildup  factors  for 
various  materials. 

When  a  dose  rate  buildup  chart  is  not  available  for- a  shieldirtg  ^ 
material,  an  approximation  may  be  made  by  substituting  the 
value  of       for.b.    However ,  - if  (Xx  is  less  than  1,  use  1  jfor 
b  (i.e.,  Ignore 'dose  rate  buildup). 

Arlother  method  for  accounting  for  dose  rate  b.uildup  is  found 
in  FM  3-8.    This  section  is  self-explanatory  and  cojafeins  an 
example  problem  which  you  should  go  through  to  insure  your  ^ 
understanding  of  the  method. 


♦ 
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student  Performance  Objectives  and  Notes,  . 

A.  Given-text,  references,  student  notes,  the  radioisotope, 
tiumber  of  curies,  and  specified  shielding  material,  calcu- 
late the  thickness  of  shielding  material  (or  materials)      ^  ' 
necessary  to  reduce  the  dose  rate  to  a  given  level.  (Be 
capable'of  performing  all  types  of  basic  shielding  problems.) 

B.  .Using  texts,  references,  student  note's,  a^known  unshielded 

^  dose  rate,  and  radiac  instruments,  perform  laboratory 'measure- 
ment using  variou!^  shielding  materials  to  determine  the  , half- 
thickness  of 'these  shielding  materials.  '  ' 


4 
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III.     Practice  Problems. 

1.  '   GIVEN:    R„  = 


X  = 


V2 


2000  rad/hr 
31  cm 
h  cm  * 


FINDi 


2 .      OIVEN '^"^'^'^IsOOgL^  rad/hr 
'    "    X     =    27  cm 

R     =7.60  rad/hr 


FETO:  X, 


1/2 
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3.      GIVEN:  ,        =    1500  rad/hr 


^/2   "    5.5  cm 
R     =3.5  rad/hr 


FIND:.  X 


How  much  lead  is  necessary-'  to  reduce  the  gamma  dose  rate  to 
2  mrad/hr  at  k  meters  from  ^  20  curie  source  of  Cesium- 137? 


What  will  the  gamma  dose  rate  at  3  meters  i!rom  an  B  curie 
source  of  Iron-59  be  if  it  is  shielded  by  a  5  cm  block  of 
Spent  uranium? 


320      .  ' 
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How  much,  water  fill  must  be  used  to  insure  the  dose  rate  a 
the  top  of  a  ^  meter  deep  pit  does  not  exceed  a  mrad/hr  if 
15  curie  ^^o  source  is  placed  in  the  bottom  or' the  pit? 


V 
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Solution  to  Practice  Problems. 

*  5^  {  \^ 

1,  Solve  equation     n   =   ?;         for  n.  \ 

1/2 

n    =    J        =    31cm     ^  ^ 

EnteY  2"  Table  in  the  n  column  and  find  n  =  7.?  and  7.8. 
From  the  guide  table  select  smaller  n  value  of  ?•  7.  Read 

corresponding  2"- value  of  206.    Substitute  R    and  this  2^ 
value  in  equation  (l).  ° 

p        2000  rad/hr        n  r„      ^ /u 
^   2^b  —  rad/hr 

2.  GIVEN:  =    1000  rad/hr;  X   =    27  cm;  R   =    7*6o  rad/hr 
1/2 


o 

FIHD:  X, 

R  ^ 

First  solve  R-=    —  ^    for  2", 
2" 

pn        ^   _    1000  rad/hr  ^ 
,   R     "     7.6  rad/hr  " 

Enter  z'^  table  in      column  and  find  2^  =   128  and  136. 

From  guide  table,  select  smaller  of  128.  Read  corresponding  * 
n  value  of  7,0.    Substitute  X  and  this  n  value  in  equation  (2). 

/V  ^        27  cm         '1  ' 

h/2   =   .n   =    7~     =   3.86  cm. 

Gimi'..        =    1500  rad/hr;  X^^^    =    5-5  cm;  R    =    3.5  rad/hr. 
FIND:      X  -  .  ■ 

* 

First ^solve  equation  (l)  for  2", 

3.5  rad/hr         .  ^ 

Enter  2"  Table  in  2^  column  and  find  -2-^   =    U15  and  hh^:    Prom  . 

guide  table,  select  'larger  2  <  of  4^5.    Read  the  corresponding 
n  value  of  8.8.    Substitute "x^^^  on  this  value  in  equation  (2). 

X   =  '"^    (8..8)(5.5  cm)    =    1+8.4  cm 

322     , '  ' 
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GIVEN:  '     X    =   60.0  cm;    Xi    =    5.20  cnrj .  R    =    5.00  rad/hr-^ 
FIND:         R    *  ,  ^  ^ 

First  solve  equation  (2)  for  n.  .  -  ^     ^  ~~" 

.V  '  •  "   '—-^ 

n    =  4-   =  %022L  =' 11.53 
Xi^  5.20  cm 

2 

Enter  2    *Cable  in  n- column  and  find  n    =    11.5*  arid  11.6.    From^*  , 
Guide  Table  select  large  n  value  -of  11.6.    Read  corresponding  2^ 
value  of  3110.    Substitute  R  value  and  this  value  in-.e.quation  (l). 

R^    =   R2"    =    (5^.00*  rad/hr)'(3110)    =   15,550  rad/hr 

R     =  ' 

o 

R     =    2  mrad/hr  -       ,  ' 


Xi  = 


Find  R^.  "tk)  to  page  399  of  Pam  25  -  decay  scheme  for  "^^'^Cs. 
From  the  scheme  E     =    O.6616  (93-.  5^). 

S    =    0.56  n  CE  . 

S    =    (0.56 1(0. 935) (20) (0.6616) 

S    =    6.93  rhm 

Find  Xi,.  Go  to  page  3Q3,  Pam  25  -  find  most  energetic  gamma 
(>  3^)?     n/p  for  0.  662  Mev  in  lead  from  page  138.- 

»^/pfor0.6Mev  =  0.1250    '  0.662 
a/o  for  0.8  Mev  =  0.0885  0.600 
0.2  Mev      *b.0365  0.062 


2i>  °^  li-  = 

■     ■  ~  335' 


0.31  X  0.0365  •  =  0.0113 

^i/pfor  0.6  Mev  =  0.1250 
■-0.0113 

0.1137   =    ^i/p  for  0.662  Mev  . 
p  for_lead    =   11.35  gm/crcr  (page  65 

U    =    \x/p  X  p    =    0.1137  X  11.35  .. 
=  '  1.29  cm'''-  _        .  ♦ 

Find  X.     ,  .  - 

n    =    7.8  (using  large  2^) 

X    =  nXi^ 

X    =    (7.8)  (0.537  cm)  "  . 

X    =    U.19  cm 


R      =  ,  . 

X     =    5  cm  - 

Xi     =  . 

'  •  '59 

Find  R  .  Go  to  page  388  of  Pam  25  -  decay  scheme  for  Fe 
o 

E^^"   =    1.095  (53f») 

•    '  =    1.292      iM5i>)      ■  ■  ■  V  ,   

'5^4     _E^2  ^•'^35    ■•  (l.ifj)/  not  us.ed^<'3C"" •  "  ' 
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S^j_    =    Q.56  n  CE 

■    =  (0.56)(0.53)(8)a.095)      .  r"^^^ 

='  2.599  or  2.6  rhm 

=  0-56  n  CE  ■ 

=  56)  (0.1^5)  (8)  (1.292)  '  ■  .  " 
=  '2.60k  or  2.6  rRm 

S  =    S      +    S                           '               ■  ' 

T  12. 

=    2.6    +  2.6 

=    5.2  rhm  or  5200  rarhm 


R 


=    S_    -    5200    _    5200    _  __o 

^    -   a    -  — Q-    =    578  mrad/hr 

d"^        '(3)  ^ 


Find  Xi.  Go  "to  page  2tl8,  Pam  25  -  find  most  energetic -gamma 
(>'3^)?      n/p  for  1.292  Mev  - 

Vi/p  for  1  Mev       =-0.0776  1.292 

^/p  for'  1^  Mev    =  0.0548  l.QQO 

0.5  Mev       0.0228  0.292 

O.58U  X  0.0228    =  0.0133 

0.0776 
-0.0133 

0;0643    =    ^/p  for  1,292  Mev 

o 

p  for  Uranium    =    18.68  gm/cm 

\  *  '  ,  ' 

ix  ^    [x/p  X  p    =  (0.oeU3)(l8;68) 

(i    =    ;l.2  cm  . 


2 


=    0^.       0^    .    0,57^5  cm  or  0.58  cm 
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smaller  value  -  use  8.6.       *  i2 


85 


.      "  R 


_o  _  578  mrad/hr 
,n    7  355 


R 

o 

R 

X 

Find 
E 


R     =    >.  5  -mrad/hr 


2  mrad/hr 


/ 

R^.    Go  to  page  389,  Pam  25. 
=   2.5057  (99fo) 
S    =    0^.56  n  Ci  E 
S    =  (0.56)(0.99)(15)(2.5057) 


20.8  rhm 


20.8 
"15" 


=    1.3  rad/hr  or  I3OO  mrad/hr 


Find  Xj_.    Go  to  page  2^49,  Pam  25  7  find  most  eneVgetic  gamma 


(>"  3fo).      (l/p  for  1.332  Mev  - 
u/p  for  1  Mev       =  O.O7O7 
u/p-  for  1^  Mev    =  O.O575 
0.5  •  0.0132 


1,332 
-1.000 
0.332 


0.332 
0.5 


•0.0132  x  0.66k   =f  0.00876 


0.0707(1  - 

'-0.0087^   ,  .   ■>      '  ^ 

0.0619'+    =    u/p  for  1.332  Mev  in  water. 
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p  fqr  water    =    1  gm/cm"^  (page  66,  Pam  25) 

•k.  * '    .  •  * 

=    li/p  X  p.  ... 
*t .  * 

n  =  •'0.0619'*  X  1    "  ■ 
-1  » 

U    =    O.O619U  cm"  *  « 

Find  X,  ^.  _  . 

n    =  9.U 
Use  larger  value. 
*    X    =  nXj^ 

X   =  (9.^)(ii.2) 
X    =    105  cm 

.  •  •  -  c  - 

X    =   T.05  meters  of  water  in,  the  pit. 


327 

..  339 


JSTUDEHT  W>' 

CLASS   

DATE 


INSTRUCTOR 
SCORE 


r 


SfllEIiDING  PROPERTIES  OF  COMMON  MATERIALS 


ERIC 


328 

340 


1 


■A  - 


V.      Laboratory  Ejcercise.    .  "       '  *        ,  '  ^' 

A.    _  Instructions.  • 

1.      The  purpose  of  this  exercise  is  to  determine  the  half- 
thickness  in  centimeters  and  , relative  order  of  shielding 
ability  for  the  materials 'listed  on  the  Da,ta,  Sheet. 


*2.  •   Perform  a  pre-ope ration  check  of  'the  radiacmeters,  and  turn 
the  selector  switch  to  the  0  to  50  mrad/ilr^cale.  »■ 

3-      Tiie  radioactive  source  is  located  in  .the  center  of  tfie 

shielding  device.    There  are  twelve  arms  on^the  shielding 
device,'  each  arm  has  a  carrying  hook  on  the  bottom  for 
holding  the  various  shields.    Place  the  radiacmeter  on 
the  floor  under  one  of  the  arms.    Move  the  radiacmeter 
until  an  unshielded  reading  of  '40  mrad/hr  is  obtained.     ^  r 
Enter  this  a&  the* unshielded  dose  rate  (R  )  on  your 
**"  data  sheet.  .  *^  ' 

,  <       -  '   "  V 

U.      Place  a'shielgi  on  the  carrying  hook  and  move  it  until 

tlfe  shield  is  close  to  the  meter.*  Adjust  the  turnbuckle 

on  the  arm  support  cable,  if  necessary",  until  thd  shield 

almost  torches  the  floor. 

5-      Move  the  shield  s Lowly  away  from  the' meter  observing- the  ' 
meterjliaL  continuously.-  'Note  the  minimum  reading 
-obtained  v/hile  the  shield  traverses  the  length  of  the''  / 
shieldinr>  device  arm.  ♦Record  this  minimum  reading  a^ 
the  shielded  dose  rate  (r)  on  your  data  sheet.    Obtain-  • 
ing  a  minimum  reading  hel|)s  minimize  effects  due  to 
dose  rate, buildup  and  scattering  from  the  surroundings. 


Using  a  meter  stick  or  rule^  measure  the  shield  ^JJi^kness  in 
centimeters  and  entfer  it  in  youi*,  data  sheet  undex^S^Q^  )^ 
In  measuring  the  thicknes^  of  the  shields,  include  the**"*'^^ 
thickness  of,  lucite, corftainers  for  sand  and  uater* 
Thes^  lucite  containers  have^a  minimal  thickne^ss;  there- 
fore, it  is  more  correct  to  measure  them  than  to  neglect 
them. 
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B,  Data, 


Instrument 
Instrument 

DATA  SHEET  -  SHIELDING 

< 

Type                                    .  Date 

Serial  No.    •     •          ' ,  ' 

SHIELDIJJG 
f-lATEBIAL 

(RoV 
UNSHIELDED 
DOSE  RATE 

(R) 
siheleed 
dose  rate- 

THICKNESS  - 
OF  SHIELD  " 

HALF-  . 
•THICKNESS 

UNITS 

mrad/hr 

LEAD 

WOOD . 

*  * 

■■1  J 

STgEL 

I     *             *  0 

r    «»  ^ 

CONCRETE 

\ 

SAND 

• 

.WATER,  . 

<»  • 

ALIMTNUM  ' 

LUCJTE  ^  . 

What  is  the  relative  order  of -shielding  ability  of  the  materials  tested? 
'  Lead  ,      '  ' 

Wood  •  '  < 

^    Steel  '  " 

.  Concrete 

Sand*  ;  '  .  -  •        ^  . 

Water  i  ,/  ^-  '  *  . 

Aluminum  *       .  ^  ^  ' 
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Homework  Problems.     .  < 

These  problems  will  be  turned  in  with  the  Laboratpry  Exercise  as  a 
portion  of  the  graded,  requirement  for  this  course, 

SECTION  I  "  Problems  using  2^  Procedurei 

1.      It  is  desired  to  construct  a  vail  of  reinforced  concrete  to 
provide  shielding >f or  certain  instrumentation  in  a  reactor 
]     room.    The  unshielded  dose  rate  at  the  position  to  be  occu- 
pied by  the  instruments  is  200  rad/hr  when  the  reactor  is  in 
operation.    It  is  desired  to  reduce  this  reading  to  100  mrad/hr. 

a.      Vrnat  i^s  the  thickness  of  concrete  necessary  to  provide  this 
'  shielding  if  the  half-l^hickness  of  concrete  is  fO  cm?  . 


^»      What  would  the  dose  rate  be  if  6  feet  of  concrete  were  used? 


c:      Suppose  -a  layer  of  the  wall  could  be  m§id^  of  lead  plate 

2  cm  thick.    What  thickness  of  concrete  would  be  necessary 
in  addition  to.  the  lead  to  meet  the  orig^fel  requirement? 
(X       l^ad         1  cm) 
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A  radioactive  source  (.5  rhm)  is  being  stored  in^a  lead- 
walled  cave.    How  thick  must  these  walls  be  so. that  i^he 
dose  rate  1.5  meters  from  the  source  ig  such  that  the^area;^ 
beyond  this  distance  will  not  have  'to  be  marked  "high  radia- 
.tion  area"  (see  Title  lO)?    X^^^lead    =    1  cm. 


the. dose  i^te  at  a  point  1,^7$  meters,  from  a  radioacti^^^ef^ 
'source  is  l600  fnrad/.hr.    If  avail  6o  cm  thick  is  erected 
.90  Qfn  from  the  source^  what  will  be. the  dose  rate  at  1^75 

m'eters  jL«f  t^e  half-thicknessft'oY  the  wall  mat.erial.  is  20  cm? 
^(Neglec'e*  dose  rate  buildup.)  '    ,  ^ 
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A  man  standing  5  meters  from  the  outside  of  a  storage  vault 
receives  a  dose  rate  'of  l8  mrad/hr.    How  many  centime*t;;ers'  Qf 
concrete  must  be  added  to  the  shield. such  that  the  dose  rate 
he  ^receives  will  l)e  redueed  to  0.8  mrad/hr?    Assume  half- 
thickness  of  concrete-        7»5  cm.. 


You  are  required  to  build  a,/vault  to  stof^  .Co.  The  outside 
f^ace  of  J  the  vault  wall  must  be  h  meters  Jrom  the,  Source.  The 
uns'hielded-^os'e  rate  at  ¥  metei's  from  the  source  is  .5  rad/hr^ 
The  wall  must  be  capable  of  r,ed^cin^  the  dose  to  5  mrad/hr 

"zX  the  outside  face  of  the  wall.    Yoy,  Have  on  har^d^  concrete 
bloqks  9  cm  thick,,  and  loose  sand.'*  You  decide  to  build  a  double 
wall  of  concrete  blocks  ta'be*  filled  in  v/i^th  ^eand.    How  thick  • 
(in ^centimeters)  must  the  layer  of  sand  t>e?    (Neglect  do^e  ' 
rate  buildup.)  ^ 

ASSUME;    Half- thickness  of  concrete    =    .7^*5  era  .  , 

Half-thickness  of  sand  12.5  cm 


What  is^the  half-thickaess  of  air  for  1  mev  gamma  radiation? 
.GlVcnir    Density" of  air    =    1.3  x  10""3  (gm/cm3)  • 

MB3S  attenuation  coefficient    =    O.O61  (cm^/gm) 


You  are  planning  a  hot  cell  to  handle  gamma  emititer.e  ir  th^ 
0-1-5  Mev  energy  range.    The  largest  ^sources '  to  be  n^Mled' 
will  be  5000  rhm  and  the  nearest  they  will  come  'co  ";he  Ln- 
side  of  the  wall  will  be  50  6m.    Negljecfeing  dt/s^.  buildup, 
the  dose  rate  2  meters  from  the  inner  surface^ of  the  wall  must 
not  exceed  5  mrad/nr.    T^e*  in'^er  portion  of  the  wall  will  be 
a  2  cm  "hick  sheath  of  lead,    The  rest  of  the  .wall  will  be,  of 
concrete  of  density. 2. S  gm/cm^.    How  thick  must  the  concrete 
be?    (Use  table  on  page  139}  Pam -25',  for  concrete,  use  table'  , 
on  page  1^3  for  lead.)  ,  .   -  \.  ' 
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As  radiological^ safety  officers,  you  have  been  given* 
an  unknown  single  radionuclide.    Upon  receipt,  one  of 
your  assistants  measured  the  dose  rate,  unshielded.,  as  -  ' 
being  980  mrad/hr  at  a  distance  of  2  meters.    Six  days 
later  another  of  your  assistants  measures  the  dose  rate 
as  160  mrad/hr  at  a  distance  of  3  meters.    What  is  ^the 
half -life  of  this  radionuclide? 
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SCINTILLATION.  INSTRUMENTS- 
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DF241,,  SCINTILLATION  INSTRUMENTS 


'.I.    Reference;    ST  3-155,  Chapter  9*-^  ^  •  — 

II.    Lesson  Objectives  and  Notes.     ,  .   ,  »^ 

A.  Explain  the  theory  of  scintillation.        -    *  ' 

B.  '    Describe  scintillation  instiiiment  capabilities  and  limitations. 
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Notes: 


.III..-Handc5ut;s: 

definition 'of  Termp 
^  "    ''2'.    Vu-Graphs  •  - 
lyl-  Problems:    None*  ' 
'  V\    Solutions:  ^one.         *  * 
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2. 

3. 
k. 

5.. 


,     Definition  of  Terms  Used  in 
Scintillation' Detection  of  Radiation 

Scintillation  -  physically  emits  sparks. 

0 

Lumiaescence-  release  of  absorbed  energy  in  th^  form  of  ultrarlolfit 
light ^  visible  light ^  or  infrared  rad'i5ttion.         .  • 

Fluorescence  -  luminescence  thatj  occurs  within  1  x.lO"^  sec  after' 
the  absorption  of  energy. 

^Pfiosphorescence  -  luminescence  that  occrjrs  after  1  x  10"^  sec  (and 
may  be  as  long  ^as  several  days)  after  the  absorptiou  of  energy. 

Chemiluminescence  r  Qheiplcal  absorption^Je.  energy  later  released  as 
light. '  ^         .    .  ^  .     ^  ' 


6.    ^  Bioluminesceiicfe  -  chemiaumiiiescence  in  living  organisms,  i.»e.,  firefly. 


J- 
8. 

9. 

10. 
11. 

12. 

13. 


Photoluminescence  -  absorption  of  ultraviolets  light,  visible  light, 
or  infrared  radiation  later'  released  as  light.' 

-Radiqluminescerxce  or  RoentgenolWinescence  -  X  or  gamma  radiation- 
absorption  later  emitted-  as  lignt. 

Tritoluminescence  -  absorption  of  energy  from  grinding  or  friction 
later  emitted  as  light.  ^ 

TlienAal  Luminescence     absorption  of  heat  later  emitted  as  light. 

Th^rmoluminescence  -  process  of  emitting  absorbed  energy  when  heat 
is  applied  to  the  material.  . 

►  Activator  -  impurity  added  to  luminescent* material  to  shift  the 
electromagnetic  emission  from  the  ultraviolet  to  the  visible  light 
ranges    An  example  is  ^Phallium  in  Sodium  iodide  and  is  indicatecL 
as  Nar'(Tl)..  .  ;      .    .   ^<  . 


/ 


Photoelectron  -  electron  that  receives  all  the  energy  of  gamma  or 
.  X- radiation,  i 


Ik.      Ground  State  of  Electron  -  normal 'energy  level  ""of  electron, 

— /  Pxcited  St'ate  of  Electron  -  permitted  higher  energy  level  of  an 
el&.ctron  but  sti;Ll  not  an  ion  state, 

l6.     Ph9tomultiplier  Tube  -  an  e3.ect?:Qii  ^tube  v?it;h  a  light  sensitive 
'  cathode  used  to^etebt'  'lightV        '      ' ' '  ^    -  - 
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17*    Photocathode  -  the  light  sensitive  cathode  of  a  photoBultiplier  tube. 
Cesiw.antlMOQj  is  an  example  •  -  . 

4 

iB.    Djrnode  -  eljectronlc  part  of  photonoiltiplier  tube  that  performs  both 
as  a  cathode  aod  anode. 
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PHOTOMlHTIPtlER  TUBE 


Glass  Envelope 

Path  of_ 
Eldctrons 


First  Dynode 


Dynodes 


^Sodivm  Iodide 
Crystal 

— ^^Light  Photon 
Photocathode 

« 

Aluminum 

Electrons 
Grid 

Focusing'  Shield 


Last  Dynode 
Anode     .  ^ 
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PHOTOMULTIPLIER  TUBE  | 


Glass  Envelope 

Path  of 
Electrons 


First  Dynode 


Dynodes; 
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Sodivm  ioilld> 
Crystol  / 


Light  Photon 
Photocothode. 
Aluminvm 


Focusing  Shield 


LasKpynode 
Anode 
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DF250,  ALPHA  INSTRUMEl^TS 


I,    Reference;    ST  3-155,  Chapter  iO/ Appendix  I,  Section  C  &  D, 
Appendix  VT,-  V,  and  VI . 

II. .  Lessoa  Objectives  and  Notes; 

,A.     Characteristics  of  alpha  contamination. 

B.^     Alpha  Instruments  and  their  use.  »  ' 

.  ^      C,     fiethods  of  reporting  levels  of  alpha  ccmtanixtiation. 


/,  m*  Laboratory  Exerclset   -Ifooe    .  •  »      "  ,  ^ 

^  V  JV.  Problem.,  '      ...y  '  ' 

V  ClBtBB  and  HoBic  Study  Problem. 

The  following  readings  vera  qbtained  by  Bonltors  at  aa  accident  Bite. 
What  are  the  levels  of  alpha  contasinatlcxi  far  each*readingT 

■*  ** 


Instruinent 

'  .^E?ype  of  . 
• . Surface 

Heter 
^Reading 

a. 

IM-170  ^ 

.  Soil 

*  20i^,00p  cp« 

b.  ^ 

iM-n;o  , 

Wood  floor 

'  a,09p,(¥)0  cpa 

c« 

IM.170 

Jeep  hdod 

1,3^,000  cpa 

d. 

I14-170 

Hard  sjirfaceV  ' 
road  *   .      i    •952,000  cpm 

.  f 


i 

5  , 
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Solution  to' Problem.  <>     ^  * 

* 

^Solution^  to  Class  and  Home  Study  Problem.     '  '  ^ 

General:    ii§?5^    =    R(CF)  .  ' 

J  '•     /  . 

-where,!?    =    Meter,  Reading 

CF'       Correation*  Factor     '  '      '        ;  ' 

tlj.erefore:  '  "  . 

'    '  Correction  Factors*        '*  Jjeter  Reading  '  ^-^2  

'  .      1  .  "  ^ 

^-  'TfO    ^  .20lf,000  1,200  . 

.    b.  ^  -  1  — 

'2iro     ."^  ^ 


1 


1,080,000  4,500- 
1,3'^0->d5.    ^  3,350 


203  952,000  If,  760 


^Obtained  from  T,able  1,2,-  ST  3-155. 
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\  DF260,-  THE  ARMY  INSTRUMENT  CAUBRATION  SYSTEM  _ 
Reference  and  Discussion.  , 

A.  Reference:    ST  3-155;  para  iM^^-l^.?,  App  I,  para  E.  * 

B.  'Discussidn;   -  »  '  '  . 

In  the  event  of  a  nuclear  war  the-  field  commander  will  need  information 
-conciemin^  the  amount  of 'radiological  contamination  in  his  area  of 
operations.    This  information  will  come  fro%numerous  survey  and'moni-' 
toring  teams.    It  will  be  of  little  value  if  the  radiac  instruments 
used  to  measure  the^dose  rate  due  to  the  contamination  do  ngt  gfve 
readings  which  are  correct  withW  certain  acceptable  limits*^  ,  ' 

Radiac  instruments,  like  all  electronip  instruments,  require  periodic^ 
-  calibration.    In  tf^e  case  of  radiac  iijktruments,  the  causes,>ifVn-  ' 
correct  readings  may  be  broken  into. three  general  categortes:  exrviron^ 
mentail,-  electronic,  and  radiological.  ^ 

Environmental  causes  of  error,  or  loss  of  calibration,  'are  a, result  pf, 
•  atmospheri-c  conditions  and  the  way  in  which  ,a  .meter  is  used.  ^  Shaking 
or  vibrating  may  caupe  a  meter  to  lose  its  x:aiibration#    Rough  treat-  * 
ment  may  cause  mechanical  vibrations  within  the  meter.    The  response 
of  r,adiac  instruments  may  be  Effected  by  temperature,  humidi.ty,  and 
atmospheric  pressure. ^T^Iilitary  specifications  for  Army  radiac  instru- 
ments reqiiiire  that  they^giVe  a  linear  (the  same)  response  in  all 
^temperature,  pressure,  and  moisture  conditions  in  which  the  instrument 
might  be"  conceivably  expected. to  exist  ^r  Operate. 

Errors  which  are  considered  to  he  due  to  a  radiologic^  phenomena  may 
be  S^J^  different  energies  smd  types  of  radiation.    Spe  cificationtf  , 
f05**fiilitary  gamma  radiation  intensity  measuring  instruments  require 
that  they  givef  a  linear  response  (the  same  reading)  for  all  energies 
of  gamma  radiation  between"  80  kev  and  h  mev  which  is  the  expected  range 

of  energies  of  fission' products. 

ff  ,  < 

•  •  •       *  '  ■» 

In  order  to  correct  for  errors  which  come'  a^out  in  the  handling  and 
storage  o'f  rardiac  instruments,  they  should  ^e  calibrated' periodically. 

The  Anny  system  for  calibration  of  i-adiac  instruments  consists  of  a 
^eries  of  reference  and  transfer  standards.    All  standards  and  radiac 
instruments  are  referred  to  the  National  Primary  Standard  at  t'h^ 
^   National  Bureau  of  Standards  through  the  Arany  Primary  I((ef erenow  Stand- 
ard.   The  Army 'Primary  Reference  Standard  is  a  5OO  Qurie. cobalt- 
source  maintained  at'  Leidngton  Army  Bepot.    Secondary  reference  stand-, 
axds  are  located  at  Sacramento^ iTrmy.  Depot  and  several  oversea  depots. 
The  standard  at  Sacramento  is  a  5OO  "curie  cob^t-     source •    those  'In  . 


oversea    depots  are  AN/UEM-lA's.  ^ 

3i 
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II.  ^Handouts:  None.- 
III.   -Problems: '  None.  / 
ly .    Solutions :    Hone • 
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DF2  70  if»  NUC  LEAK  RE  AC  TOR  S 

I.  'References:  .    •  .  .  * 

~  .,  «  » 

Kaplan*-s,  '^Nuclear  Physi'cs/''  chapters  19,  20,  21;  Jacobowitz's, 
Fundgmenbais  of  Nuclear  Energy  and  Power  Reactors,"  chapters  2, 
and  5;  ST  3-155;  Pfra'2.9.  " 

k  » 


II.    Discussion.  >    .  .  •         ^      .  •  ^ 

Definition:    Reactor  -  a  device  in  which  a ^controlled  nuclear  chain 
*   '   reaction  is/ taking  place.  "  .  . 

A.     .Physics  of  the  Reactor. 

^1.  '   Fission  Reaction:  *  ^ 

^^U    +    ^      '  2  f f    +    2.5  "'n    +    180  Mev-         »■    ^  : 

\  ^^rPu    +     n  I-    2  f f        2.9    n    +    200  Mev 

9^  o    '  .  o 

Energy  Distrubution  in  Fission  Reaction. 

KE  of  ff  l68  Mbv 

•    IGE  of  5  Mev 

o         *  , 

KE  7  rays  '  -   '          7  Mev 

^  /  "                  P  from  ff  7  Mev 

•      7  from'ff  6  'Mev 

.       Neutron  cap  y's                   7  Mev 

'                            *  «  200 'Mev 
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2»      Chain  Reaction  -  occurs  wherl  fission  reactions  produce  enough 
neutrons  capable  of' Causing  fission  to  other  nuclei. 

* 

^.      ^    ^       \,    '    no' of  neutrons- in -2d  geneVatioA 

Multiplacation  factor:    K   -z,  t—— — T  t^.^ — 'X   

"  no  of  neutxais  in  1st  generation 

Chain  Reaction' Characteristics : 


Condition  of  Mass 

Characteristics 

Use 

Subcriticdl,  K  <  1 

Chain  re€3tor 
decreases  to  zero 

None 
• 

Critical,  K    =  1^ 
* 

Just  sustains  chain 
reaction  at'  a  con- 
stant riuinber  of 
fissions  per  unit  time 

Reactor 

Supercritical,  K'>  1 

Sustains  increasing 
chain  react^ion 

Weapon? 

Neutrons  may  be  prevented  from  causing  fission  by: 

a.  Non-fission  capture  by  iiraniiam. 

b.  Non-fission  capture 'by  other  materials. 

c.  Leakage;  i.e.,  escape  from  the  core. 


\ 
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Essential  Features  of  a  Nuclear  Reactor*.' 

1.     Fuel:  .Material  which. will  undergo  fission  in  the  reactor. 

< 

Fissionable  Fuel;  Materials  which  will  undergo  fission^ 
with  tBermal  neutrons 

233u   235u   ^39p^    ^     •  ^ 
*    .    92^',  92^^    9!+^    •  ' 

,    .  Fertile  Fuels;    Nfeterfals  which,  by  the  absorption  of 
neutrons,  become  fi3sionable  fuels  - 

^38  232  ' 

"'Production  of  fissionable  fuel  from  fertile  fuel: 


and 


238^  ' 
92'' 

+  ,'''n 
0 

ON  OJ 
<M 

23  min  \ 

239u 
92 

93  ^ 

2.3  daVs 

232^ 
90 

^  1 

•  +     n  .-♦ 

0 

233Th 

90 

; 

9lPa 

e 


2. 


Moderator:    Material  used  to  slow  fast  neutron^  to. thermal 
velocities.  '  ,  • ' 

Slowing  power  bf  mode^atSn  Ratio  of  slowi-ng  abil'itjr  to 
absorbing  ability  -  5^/6^^. 


«2° 


Be 
C 


65 


DgO  -  1+860 
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:  i  Means  by  ^hich  the'  rate  of  fission,  and  thereby 

^,  '  -.V:';';  v;"*'' «thev.p6vej>oiiti^t      of '.'the  'reactor  ^  is  reguja  ted. 
.   V>  •  *^  ^  ^  "^^^  * 

'/^'^^  r^>y:'-  /  mthbds^of '  ccHitrol 

-rf'-o.'-'W;  "  '  ,  ^ 

'    •  '.v. ^ ^  •        -  ♦        w        /,  ,  , 

'i"      :  Control  'rods,  ^(mpst,  common  method) 

/' iiqiHd  control"  (primarily  a  safety  c6ntr6lj) 
Removal  or'  addition  .of ^  fuel 


r4aVem'ent  of  a  neiitro'n  reflector 


ERIC 


'Coplant \-  Material  qirijulat^d, arouncj  ^core  for  removal  of  heaD. 
'   ~      Coolant  t^I.^^^-:         ■     .     -  . 
^  •  '    '     '  Liquid'  -  (wkter)'  *  v 

—  *  .  '  ^ 

-Liquid  Metal  -  (So'dium) 
*     -  Gas  ^  (Cd^y  /  .  .  I 

' '  \     '   ^      ;       Organie  Compounds         *  \  ' 

•  Cboiants  -  'Desirable  Characteristics:  '  ^- 

^' ' -  Low  nielting  pbint  -  remains  fluid  •     '       ^  ;^ 

»  '    '  .  High  boiling  points 

*  "  »  •  «  .  .  - 

. .  Good  themg^l  stability        '         .  ^  >  ^ 

*'  •  ^  *  '  '•*'•.•. 

Compatability  with  other  parts  .'  '     ^            ^  -  - 

'   Low  induced  radioactivity        '  .              -"'V-       ,   *  ' 

.  '                     Low  neutron  absorjftion              '  -               '  /V; 

J    ^  "    '      Good  radiation  stability  '  "      -  / 

Moderator  power  to  suit  reactor     *   '  '      '  *       ,  ;  • 

^  (may' serve  double  purpose)  ^-       ^  *"  ;  , 

5.    '  Shielding  -  Material  used  to  protecf-^  workers  and  , equipment  frcm  %^  w  -  - , 
radiation  released  durir^g  the  .-fission  pi^ocess^*  - 

.'  . :        .  •   3-57  .:       '    ■■  ■ 
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^C..\f\eaa5Slficafcion:of  Reactor      'j*'.  v       ^.  ''''  '  ^:  ' 

''Type  of  arr.a.T|'emea^^  -    '  Y 

...      .    .  *       Heterogeneous  -  moderator  ^iid /uel  in'  regular ;arr'ahgement.  ^ 
' '/  'Homogenous  -  moderVo-"        ^^^1  mixed-;  ,  -  ^ ' 

■  Moderator,  type:;*..  ^  ^  .       ^  •  - '  '  " 

:^     ?  .Graphic «   •  *'   '  ^    '  '  . 

Beryliium-^  ;/    /    / .  /     -  .    -  . 

'  '       i  '      --^  "  . '  /         .  -     '  ' '  • '     '    -  .   '  ' 

'.Coolant  used:  J'^     •       .  - 

'  ^  '  ,  Water -'PJ^e^ssufiz^d        '  .  '      •    '  '    '  - 

'boiiing /         -  '  ^  ,        '    *  - 

,      Liquid' TTietal '   ♦  * 

\  *  Organ I't!  .material   ,         *    _    ,  ■  . 

•  '/'-V       »     '  *  " '  •  '        •  '•  '  .  .   '  ,     . ^ ' 

/  •    >  Neutron.' enezgies:  / 

i'^     *•  ►  /    '•'  V  -    .         '  -  '  .  '  \' 

Thermal  (slow)'    '  ^    .  .     •  * 

'  <'.  *  -■  '     ' '  '  -        .  ,  , « 

•:'•'*'  .  ' ''V'    Interin^'diate.  ,  . 

.-.Z    .f''    -Fast:     ;  '   *:         .  ■     '  '       '     .  ' 

.  •  Porposev  -  \ .  '     '  <      .     '  •  ,  * 

' }         '  Research,         ;  .  '     '   .     *  .  . 

/  /  ,  •    ,  Isofope  producTtion^         .  .  ' 

,  -  '  '  w-i^.  ' '•/Materials/ testing'  •      .  .        .^  '  --^        -^.z     -  . 

:  ^     '  Neutrofi*sourae  '  J 

E;cperimental  .  ■      '  <       '  ♦       -  ' 

'      '   ■  .  f 

•■Sroduction  -(breeding)  „ 
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Power  %  ' 

.  Electrical, 
Propulsion 
o!tatlpnscty 

Mobile  *       ^  ' 

r 

Dual  purpose  (having  two  of  the  above tuses^  *^ 
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1:^  Types  Discussed/ 

•    *  'a.      Research  Reactors. 


POOL* REACTOR 


Supponmt  Curt 


Control  Eqinpmtt^ 


Cort  Support 
Structurt 


'Cont/o(  Rod 


>ool  of  Wattr 


—  Cof«    ^ ' 


Ty\IK  R2ACT0R 


lCof>cf€le 


■;«■,•,  ,:  ■f.'f.- 


^  Control  ftods-^ 


Graphite  Rtflktbr 


CxpenmehtaU 
'  B«am  Holt 


Breeder  ife^otors. . 
Graphite  Pile  Reactor. 


GRAPHIC  REACTOR 


Concrttt  Shic)^n| 


Thtrmd  Cotatnn 


— KonztftUl 
Control  f(b4s 


-kJ — Fuel  O^tchifp** 


C014PARIS0N  OF  COir/EiratONAL  )\ID  NUCLEAR  POWiR^ 'PLANTS 


ELECWCi 


..  .OONVEI^TIONAU  POWER.  PROpUCnON 


^  .1  .  J. 


-ATOMIC  POWER  PRODUCTION  . 

.     ■."         3^0  ■  "', 

36i 


Power  Reactors.  .        '  , 

i  (l)    Pressurized  water  reactors*^ 

'  PRESSURIZED  WATER  REACTOR 


11  ^/rf^":^'^ 


pump 


'   ''•-^ '    condenser — —  


pump 


condenser  cooling  ws||cr 


(a)    Ad\f  aatages ,  ♦  . 

Singie.fiuid'cooiaat,  moderator,  reflector; 

.  Water  cheap,  available. 

1%  only  radioactive  problem. 
.T  ■  . 

Sm^ll  critical  mass  aeeded. 

Fission  'products'containsd.     •  * 

;  ^      .       '  ■  . 

VJater  technology  known,  '  ^ 

v'(^)    D.jg advantage 3/  \  *     '    /    -  / 

'  High  pressure  in  primary  loop^.,  . 

*  Poor* tl^rinpdynamic  efficiency, 

.Complex  plvorabing. 

Corrosion  problenl. 

Neutron  economy  poor,  *     "  '  ,  * 

Shutdown  for  ^reloading. '  /  ' 

Vfater- reacts  with       Th  and' s^tructxiral  materials. 

'\  Fuel  element  des,igh  and  ase,  of  control  rods  difficult. 


Boili'ng  Water  Reactors, 

•   ■        BOTLINO"  WATER  REACTOR 

■  t 


(a)  '-  Advjantages.  .  '       -         *  ^,1' 

*Saine  advantage' as  pressurized  vater  reactqr/' 

Single  loop.      '       *  '  ' 

Lower  ^pressure  Hev'els. 
•Lower*  temperature  levels.    ,   .  , 

(b)  Disadvantages. .         ,  ' 

Most  dlsa^antages  qf  pressurized  water,  reactor. 
Turbine  may  require  shielding. 


•Reactivity  lifetime  short. 
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( 3)    Dual  Cycle  Plants . 


DUAL  CYCLE  PLAHT 

STEAM  LIKE 


REACTOR 


TURBINE 


CONDENSER 
GBOLINQ 
WATER- . 


COMTROtlAi  PUMP 
I  SAFETY  RODS 


V 
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(U)  - -Sod liani  Cooled  ReAc'tcirs.-     -  -  ' 

'     ^  ■      .  SODIUM  epOLED  R^AcioR 


sopw^^LO0? 


ERIC 


^.  ^High  temperatur^i^with  low'pres^su^es44*=^^      *  ' 
Heat  removal  very  ef:ficient»       ^    \       ^  ,   -  's. 
Super^  h'eater  Bteam  possible.  '  ^r... 
(b)-^  Disadvantages.  ,  -     ,  "T'- 

•      Sodiam  r^acts^  vijalen-tly  v3.th*  water. 
'*  '    \  \    Large  •<jore  needed.    .        .      '  V.  ^.     *  ' 

.     *  -  Sodium  'pecoraes^  radiqaabive.  '  ..^  .  "^-^ 

'*  Xntenttediate  loop  fieedeii.,  f     "  ^;  - 
.  •       •      -Coolant  will  fre(^ie,,;at^'room_temperature. 

(5)  Ga^.  Cooled' Reactors  tise  ^as  .f6r  coolknt! '^^XC^O'p^a^^^^ 
•         He'arjs  popular.)'.  :  ^'^'^.  .'v  .  .  *  ,     •  ♦ 

'  (6)'  '  Liquid' Fuel  Reactors'   '  -  '  '  "* 

;    .(a)    Salt,  of  uraaitug  dissolved. in  *H^0.        *  r  • 

-  ' .? :   '"^.^y^  y*^^^-^ — ' — 
(b)    Urauiijim  9nd  bismuth*  mixed  in  molten  state.  ^y'^ 
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'Military  Reactors. 

Nomenclature  on  Military  Reactors 

1st  Letter'-  degree  of  mobility 
-  statioaary 
P  -  portable' 

M  -  mobile  ^  ^ 

2d  Letter  -  Power  range 

a  low  100  -  1000  Kw 

?vi  -  medium  1000  ■*  10,000  xw 

H  -  high  10,000'  or  more  kw 

Arabic • aumerai  iadicates  order  of  initiation  of  plants 
same  first  two  letters.    "     o    .  , 


with 


Capital. letter  following  numerical  indicates  order  of  initiation 
of  field  plants  of  same  type. 


Some  Military  Reactors,  in  Operation 
1  (Ft  Belv-oir,  VA)-  -       \    Prototype  and  trainiag- plant  \ 

■  .  I  ■         ■  ' 


SM-IA  (Ft  Greely,.  AL) 
PMr 


MH- 


3A  (McMurdo  Sound,  ART) 
U  (Mobile) 


Base  power  supp?-y 


Power  supply  !^or  base  at 
remote  location 

Floating  nuclear  power  plant 
to  supply  power  for  off-shore 
j      to  land  base 

j  Trailer  mounted  prototype  for^ 
I      field  a^e-  • 


f4L-l  (Mobil,f)  . 


I 


•AEC  and 
Army^  * 

Array 


Navy 

AEC  and 
DOD 


AFjC  and 
Army  - 


D.      Reactor  Safety.  - 

1.  Basic  Safety  Principle: 

4 

a.  Prevent  accidents.  ^ 
.Prevention    .  -   *  > 

Core  and  design 
Natural  lavs  used  to  advantage 
Automatic  safety  controls  ' 
Trained  persona'el       ^       '  \  - 

b.  Coatain  radioactivity  in  the  event  of  an  ac^cident. 

y  ,  Ist  Defense  Fu3l ^cladding 

2d  Defense  .  Lo^tipn  in -remote -areas 

3^  Defense  Containment' shell ' 

2.  Eve:i^yday •Re actor  Safety.  * 

.    '    .a^     >/orker.      "  '  '  •  - 

.  Disposal 'Of  D\lraed  .fuel 


Check  Tor  contaminants  in  coolant  and  Ventilation 
|ystems  *  .  ^  ^  ,     .  . 

Moaltotring  throughout  plant. 

Radiation  exposure  levels  observed 


Public . 


3  0  0  ,  *  - 

O     ,      .  '  '  .388  '  '    '  A 


Discharges  from  i)lant  monitored  (i.e.^'air,  water^ 
se\^age)  .     '  -  ^  *  ^  - 

Areas  gi^ounding  plant  monitored  '         •     '  *  , 


ERIC 


Nitea:  ^  ^ 


■1 


i  » 


I£I.  Handouts:  Nftne 
IV.  Problems:  None 
V.  Solutions;  None 


ERIC 
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DF290,  BE?TA  PAR  TIC  CQNSpERA'^ION's 


Discussion*  *  '  .  *  ,   "    "       -  *  /  •  . 

/Beta  particle?  are  jreadiiy. absorbed,  in. fi<5Fl^  result  of  this 

absorption,  ^<Jr  at^^eriuatJLOn,  higb' energy  elec'trqp.gn(etic  radiation  is  pro-r 

.ducre.d^^,  Like\  gamma  rad-lati.on^  ^1^^  ^is  hazardcus  arfd  must^e  considered  when 
handling  and' stori%  be^arfo&ijting  |radioiSQt^^  '  ,  ' 

^^'ta  Taxation  is  pi:odiiced  by  tfe  decay,  of  a  nuclear  particle,   *Beta  -  " 
-par'ticies  .may' be  either /rsejgatively  orVpgsitiyely  charged,  .depen(K.rig  on 
whether  a -neutron-i'or-^roton  decays'^  r-'-'^-^'     •  * 

.. . ,  ■        ,  ■ 


+  -  -  e 
-  +1  • 


+  "  Q;-  decay). 


•"•Jri       ,^pr+  ;^°e.  t   v"       -Q,     (P""  decay)..'    '{.,'       '  \  '  ' 

• '  *r '  •  . . 

We  will  consider '  each  "type  of  beta  decay  separately.  '     *.  , 

A",  "  3  Decay. 

^  A  po^itdyely  chai^ged  beta  particle  results  ffom  the  decay  of  a 
proton.  -As^the  0"^  particle  loses  it's  kinetic  energy  and  becanes 
.  ^  thermalized,  it  will  undergo  an  annihilation  reaction  with  an 

electron*    The  process  of  electron-positron  annihilation  is  called 
pair  annihilation  and  resxalts.in  the  production  of  t>p  photons,  each 
with  0.511  ^Mev  energy.    The  shielding  material  v;hich  stops  the  beta 
radiation  acts  as  a  source  of  0,511  Mev  electromagnetic  ra<uation. 
*    This  e-m  radiation  is  as  hazardous  as  gamma  radiation  and  mus^t  be 
shielded  against. 

In  order  to  calculate  the  tot  il  anSDunt  of  shielding  necessary  to  , 
attenuate  both  the  beta  radiation  and  the  electromagnetic  radia- 
tion, the  following  procedure  will  be  used.  ^.v  : 


1. 


Determine  the  maximum  beta  energy  (E^  )  using,.the  fable  of 
Isotopes,  Pam  25-  '  '  Pmax 


Determine  the  ran^  (r)  of  "this  maximum  beta  particle  using 
the  Range  Energy  Curve  on  page  123  of^Pain  25. 


Determine  thickness  (Xp)  of  shielding  material  requir*ed  to 
stop  the  most' ene^etic  beta  particl^.  ^ 


^  absorber 


(p  values  listed,  on  pages  65-66, 


3  72 


Pam  25) 


Deteraine  th^  so!4rce  strength  of  t^he  electrgmasnetic  radi'^tioQ  • 
produced  by  the^electron-positron  .annlhilat"'onC  ^ 


\  (2)(C.56'^nCE  (where  E    =    O.Jli  Nfev-)\ 


S        =  0.572.110 

arm  *      -  < 


liCTE:    Tv.o  phcrons,  ei.ch  vitjj       energ;>^  of  O.5II  Mev,  .aris  produced  in  ' 
pair  •annihilation.    Therefore ,  ,we  must  consider  shielding  for ^  two 
photons  for  ^ach  rosjitrcn .giverf  off  by  the  sourcf.  ■  jThis  is  why 
'  •he  .oirce  strength  farr.uia  is  multiplied  by*  2.  • 


'The  contribution  of  each  beta  transition  must  be  consider,ed. 
Tetermijie  'in  unshielded  dose  r^te  at  a  desired  location. 


c. 


where  c[  is  distance  fneasured  from  edge  of.  beta  shield. 


Determine  tke  half-thickness  (Xi)  of  the  Shield. 
3:37-13'^>  r^m.  25^  to  determine  \ifp  .(enter  with  E 


^  X  p-  abt'OrlDer 


^.nd 


Q.693 


Use  table  (pages 
=    0.511),  then 


7. 


Solve  shielding  problem  using  2    method  with: 

s  * 

'  H  'from  S'teD  5»  *  ^ 

*•         -      ,  *  ^ 

Xi   from  Step  6.^ 


Slither  X  or  R  must  be  given. 
Solve  using  2^  Tables. 


1       -  » 

3  r^^^y.i 


The  total  thickness  of  material  necessary  will  ^e  a  combination 


of  the  beta  shield  CX^)  and  the  e-m  shield. (from  Step  7). 


i 


B  'particle  3S  -3  high  spee'^  electron  resulting  from  the  decay  of  a 
'neutron.  '  Thlis  high  speed  electron  may  interacl^  with, matter  in  three 


general  v/?|y/: 


37:1 
-  •  391 


!•     ^Collision  wi^th       ou^er  electron.    The  high. speed  electrons^ 

may  collide  with  one  of  the  outer  jJlectrons  of  an  ^atom  withip  the 
target.    This  brbital  electron  will  be  knocked  from  thefatom  result-, 
V   ing  in  ionization.    The  energy  absorbed  by^  ionization  is  given  off 
as- heat  and  light.    This  interaction  will  not  produce  electromagnetic 
radiation  and  is  of  no  signi*ficarice  for  l^is  class,  i 


2.      Collision  with  an  inner  electron.    The  electron,  may  |;enetrate  the 
outer  electron  cloud  of  a  target  atom  and  collide  with  one  of  the 
electrons  in  an  inner  shell.    This  inner  electron  will  be  knocked 
^     frorr.  the  atom  and  an  electron  from  an  outer  shell  will  fall  into  ' 
its  place.    Energy  absorbed  in  the  process  of  knocking  out  these 
internal  electrons  is  given,  off  in  the  form  of  X-rays  which  are 
characteristic  of  the  absorbing  material.    This  interaction  will 
not  produce  significantly  harmful  radiation, 

3-      Attraction  to  the  nucleus.    If  a  hi^  speed  electron  penetrates  the 
electron  cloud  without  cplliding;  ,with  one  of  the  electrons,  it  experi 
ences  a  coulombic ^attraction  toward  the.  nucleus.    This  atft*action 
slows  down  the'  higji  speed  electron  or  causes  it  to  be  deviated  from 
its  path,  causing^an  overall  lineaj::  decelersttion,  reducing  the  kine'ti 
energy  of  the  electron.    The  energy  lost  id  giyej^  off  in  the  form  of 
electromagnetic  radiation  which  differs  from  gamma  radiati6n  in 
origin  only  and  is  known  as^'bremsstrahlung.  The  word  is  of  German 
origin  (bremy  to  ^pply  the  brake;  strahlung,  radiation").  Brem&strah- 
^  lung  is  sometimes  called  braking  radiation. 

If  an  electron  has  a  ^kinetic  energy  of  less  than  0,1  Mev,  it  is  not 
energetic  enough, to  penetrate  the  outer  electron  clpud'of  an  atom. 
Therefore,  only  electrons  or  beta  particles  of  kinetic  energy  greater  / 
than  0,1  Mev  can  cause  bremsstrahl&ng.  \     .      '  -     •  ♦ 

Bremsstrahlung  h^as.a  continuous  spect?!bum.     Not  all  electrons  are  slqyed 
to  the  same  degree,  and  therefore,  the  kinetic  energy  lost^  and  energy, 
of  electromagnetic  radiation  given  off  varies  with  the  conditions*    The,  " 
energy  of  the  emitted  radiation  depends  *on  the  ,Z  number  of  the  absorber, 
the  original  energy  of  the  high' speed  electron  (or  be ta, parti. cl^)  and  v 
^he  proximity -of  the  hi'^  speed  electron  to  the  nucleus  of -the  absorber. 
The  lar^ejr  the  Z-  number  of  the  a*bs03:ber,  the  greater,  lis  the  attraction  ^ 
of  the  Ugh  speed  electron,  to  the  absorber  nucleus,  and  t^je  more  enelrgetic 
is  the  brenriSijtrahlung  emitted  due  to  the  slowing  dbw.n  of  the  electron. 


3  7)-1 
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The  maximum  enJergyvOf  the  bremsstrahlung  uesulting  from  the  attepuatipn 
of  an  electron  or  b^ta  particle  is  th,e  energy  of  the^ electron  or  befer 
particle  which  is  attenuated.    The  absorption  of  low  energy  Betas  cintiot 
produce  high  energy  bremsstrahlung.    The  closer  the  electron  passes  to 
the  nucleus,  the  greater  the  attraction  to  the  nucleus,  and  the  mdre    .  * 
'  energetic  the  resulting  bremsstrahlung, 


Of  alljbetal  particles  or  high  speed  electrons  Tvhich  are  absorbed  by  a  * 
meditrm,  only  a  small  fraction  is  attenuated' to  result  in  bremsstrahlung.^ 
This  fraction  may  be  determined  using  the  expression:         '  *  ' 

f    =    3.3  X.  10  ZEp 

where  f  is  the  fraction  of  pa3*ticles  absorbed  to  give  off  bremsstrahlung. 

Z  is  the  Z  number  of  the  absorber 

f       is  tl?e  rnaximum  energy  of  the  beta  given  o*f f  in      specific  «  ^  ' 
nuclear  transition.         ^  ^  *  , 

Since  the  resultant  radiation  is  like  gamma  rediation^  its  so]irce  , strength 
,y  be  cal^lated  using  the  equation:        ^  jj 

S    ^    Q.56  nC  '  '      *  •  '  . 


whef'e 


or 


S    =    source  strength  in  rhm. 


•^3 


n    =  ,  fraction  of  times  particles,  undergo  disiiitegration^to 
yield  beta  w;Lth  maximuip  energy"  "^g. 


maximum  energy  of' tHe- beta  particle  for;:§ach  nuclear 
tratnsition.  '  .     -  , 


ber'  of  curies  of  beta,  emitter  resulting  in  bremsstrahlung. 


C,/    =  *  Cf 


Therefore :  S  = 
Substituting  for 


rfhere  c  is  total  number  of  purips  of  beta^ emitter,  j 


0.56  nCEof 

'  ^  .       \        ^  o 

f :    S        3^.85  X  10    n(E*)  CZ 


■  i 
17-5  ' 


1 


%S  th^e  beta  emitter  disintegrates^ by  more  th^  one  route,  the  contri- 
/cution*of  eacji  beta  de 
3,te  both  beta  and  #?aiTima 

i^cth  the  bfemsstrahlung  and.gamma  must vbe  considered. 
.Tia^"*  be  estaD^ishei  to  make  the  souro^  str.eftgth  calculations  less  ^tedious . 


decay  n!ust'be  considered.    For  radioisotopes  which 
mma  emitters,         source  strength  cintributiqn  jofL,.,,^^^ 
ilung  and.gamma  mustvbe  considered.    Several  convfeii 


1.  I  ^Ihen  'he  jr.axi.TiJjun  energy  of  the  bet^^ , particle  is  lesfe^than  0.1  T-lev,  i 

\   an;*-  bremsstrahlbng  j>roduced  isj  insignificant.        I         \  | 

'  ■     •  .>      •  ^ 

*  "  ■»  .  *  ' 

2.  '  BcerrxQtrahlung  pr^iused  by  betas' of  energy  greater  than  0.1  Mev  is  . 
^significant.     *  .    *  '  .  •/ 

?.     3ren.£Strahlung  produced^  b:^  positrons  (3  ) 'wilL  be  considered  using 
the  same  rules  as  for  beta  particles. 

In  order  tc  produce  bremsstrahiung,  beta  particles  must  Jpe  abs.orbed. 
'Therefore,  an  important  part  of,  ^  calculatic5^i  of  breitisstjrahlung  is  the 
*  de.terir,ination  of  the  thic?Jiess  of  -  shield  require^  ^o  stop  the  beta  ^ 
particles  -  -  This  is  determined  by  finding  the  maximum  energy  of  the  beta 
^  particles  emitted  (E3);  its  ran^e,  using  Sargent*'s  rule,  feather's  rule 
/  (page  29,  ?am  25),  or  graphs  (page  123,  Pam  25);  and  finally,  the  thick- 
ness of  shielding  material  required  to  stop  this  most  etiergetic  beta. 

Cnce  the  br  ems  stir  ahlqrig  source  strength  has  been  determined, ,  the  shield- 
ing required  to  bring  t^he  dose  rate  -to  a  given"  value  at^a  given  ^oint 
may  be  determined  in  the  sam^=*  manner  as  witlj  gamma  "sources  using  Total 
J^ss  Attenuation  Coefficient  T^les.    When  entering  this  table,  one  us4s 
an  energ;^  for  bremsstrahlung  of  one-half  of  the  maximum  beta  particle 

energy 

.  V         .  ■  '  '  -  ■  '  / 

the  brem^ strahlung'is  associated  with  gamma,  the  mass  attenuation 

tables  are  entered  with  one-half  the  m&::cimum  beta  energy  or*  the  highest 

^amn^a  ene^gy,  whichever  is  the  larger.      ,  \ 

* 

^A-procedure  which  may  be  used -in  bremsstrahlung  calculations  is: 
1.*    »Detepnine  the  maximuih  beta  energy  using  the  Table  of  Isotopes, 

rmine  ^he  range  of  this  befca  (R)  using  Feather's  rule,  .Sargent's 
•o|'^Beta  Partifjle  Ran^J^T^^rey  Curve  (page  123,  Pam  ^3)*^        ^     ' ' 

|j)€ftennipe  j  thick|ie&5  of ,  shielding  Inaterial  requi/red  to  stop"  tlje  .mpstv-^ 
Energetic,  beta  |(Xp    =  , -S,  p  values  ari  listed  <jn  pages  65-66;' .P^;25^*J 

!'      .'•  .  37G"     ^  .  .  , 


^  2>  'Dete 
,    1  rule 


.  3. 


kf      Determine  the  source  strength  of  bremBBtrahiung  produced  during 
^  stopping  o-f  beta,  '  .f 

!    *  '  '  ' 

S'  '=    1.85  X  10"^  nCZ(Ei)^  1 

:  >     ?  -       •  ' 

,  "  Z  values  are  listed  on  page  65,  68,  or  page  just  before  the  Table 
of  Isotopes  in  Paffl.25. 

'  .  "  ^- 

,    '    The  ^ontrijbution  of 


eac|i 


beta  transition  must  be  considered 


5.      Determir^  an  unshielded  dose  rate  at  a  desired  location. 


J 


X 


6^     Detemine  half-thiclaiess  {y^Y  of  shield  us^ng  of  emitted  I 

beta  radiation.    Use  ta.bl€  (page  137-139)  to  determine  \x/p  cor^es^ 


pondinj^  to  Then  xj_    =    ^'^^^  where  \x    =    \x/p  x  p. 


7.      Solve'  shielding^  problem  using  2    method  witji 


Either  R  or  X  must  be  given* 


♦(Frbrn  Step  5) 
XFrom  Step  6) 


Solve  f or  .iinknown  casing  2  tables. 


NOTE:    If  the  source  emits  beta,  positrons  and  gamma,  then  tfee  half- 
thickness  wiir  be  determined  by  ^ 


E. 


E  '    5,  or  0.^511  Mev,  which 'ever  is  ^greater;  and  total 


source  strength 


^  T  '  Brem 
calculate  the  urishiel  led  dose  rate, 


8fl    '  DeWnriine  ^j;  Of  shield 
Iwhichever  i3  greater. 1 


S, 


ising  either  -^-^ 


fame  as  Step  6* 

'377; 


must  be  iased^«to 


or  E^^^,  or  O.5II  MeV, 


9.      Solve  shielding  problem  using  2   .-nethpd,  with 


^0     "  ,p 


1 


(From  Step  5) 


ERIC 


(From  Step  8) 


Either  IR  or  X  must  be  given. 

'in  *' 
Solve  for  unknown^  using  2  tables. 

(    ^'  ,  ^  '       '  ^ 

The  following  procedures  will  be  used  for  energy  determinations  to  solve  ' 

bremsstrahlung  problei^s.  .     *  *         ^  . 

1.  Bremsstrahlung  cannot  be  calculated  for  an  isotope  unless  it  has  a 
decay  scheme  in  liable  II,  Table  of  Isotopes,  Pam  25.     (Decay  schemes 
not  listed  in  Pajtn  25  can  be  found  iii  the  book  "Table  of  Isotopes," 
by  C.  M.  Lederer,  J.  M.  Hollander',  and^I.  Perlman',  6th  Edition^  ^ 
published  by  John  Wiley  an<4. Son,  Inc, ,  Nev^  York,  1967. 

2.  The  beta  energies  will  be  taken ''from  the  tabulated  data  in  Table  II, 
Table  of  Isotopes,  Pm  25.  ^    '  <>  .  ' 

3..     The  percentages  of  eaqh  of  the  beta  energies  will  be  obtained  from 
the  decay  Scheme  in.  Ta^Dle  II,  Table -of  Isotopes, •Pam^  25.    If  rio 
percentages  are  given  in  the  decay  scheme,  then  use  those  ^pven  in 
tabulated  dkta.  Table  II,  Table  of  Isotopes,  Pam  25.  / 

s   ,  *    .  "         '  /  '  . 

"Neglecft  all  decaVs  which  occur  less 'thao.  3^  of  the  time,  ' 

5.      Gamma,  percentages  and  energies  will'be  obtained. from  the  decay 

scheme  (use  total  drop)  in  Table  II,**  Table  of  Isptopes,  Sam  25.  If 
no  percentages  are  given  in  the  decay,  scheme^  then  use  the  percen- 
tages given  in  tabulated. data,  *Table  II,  Table  of- Isotopes ,-*^a]n  25, 
'  for  .the  bet&t»particle  whi^h  decayed\to  that  gamma  energy  level^ 


C.      Bremfestrfthlurig  Radiati<j)n. 


Acco:{*ding  to  ^e  classical  electromagnetic  theory,  any  charged  particle  I 

-  •  — —  — ja.-.-^5;i4.^j.4- — v,^%     Ihe  ,  acceleration  . 

As  we  have  alreaotir  I « 


radiaht 'energy. 


which  undOjTgoes^iail  acceleration  emit^"  

ofj  a  parti.cle  is  inversely  proportions  1  to  its  mass- 
discussed  ip       consideratiMs,  an  electron  in  the  CoulcAnb  field  of  a 
nu^l^Us  c|n;. experience  k  lar^^  accelerkti^n  by  virtue  of  i  its  smaljL  ma^s. 

"  3  781 


396'' 


I;, 

i 


The  bremssfrahlung  effect      charge  independent.    Positi^ly  charged 
particles  will  produce  braking  radiation.    Therefore,  we  consider 
bremsstrahlung  and  annihilation  radiation  when  dealing  with  positrons. 

Bremsstrahlung  does  riot  become  important  in  the  energy  loss  of  heavy 
particJLes  iinjtil  the  Bev^energy  range  is  reached,         these  energies, 

*  the  particles  can^approach  the  scattering  nuclei  mof-e  closely  and  thereby 
experience  larger  forces  which  canpensate  for  the  increased  mass.  How- 

I  ever*,  heavy  particles  can  only  be  accelerated  up  to  the  Bev  energy  range 
with  the  largest  particle  accelerators ♦    Bremsstrahlung  will  not  be  a 
problem  with  heavy  particles  produced' by  normal  radioactive  decay. 

'I  •    .       ,       '  - 

11^    Lesson  Objectives  and  Notes: 

^      A.      Shielding  of  betat  particles.     ^  '     -  ^ 


+ 

B.  P  decay. 

.  ■  \ 

C.  P  decay. 

■4 

D.  Bremsstrahlung  computations. 


/ 


^Handouts: 


I 


^  Vu  -Graph-Mater  iarl — - 


Type 


CHAR/^CTERISTICS  OF  r,  X-RAY,  AND  BREMSSTRAHLIING 

Characteristics 


^  Srtergy 
/  Sijectrum 


BremsstrahlutiF 


Discrete 
Spectral 

Discrete 


Sour6^ 


Nucleus 


Of  element  nucletis 


Fast  charged     Of  particle  velocity 
particle  aad-charge  of  nucleus-' 


Orbi  tal 
electron 


Of  element  electron 
structure 


/ 


380  \y 

399, 


IV.-  Problems. 


Wh  ft  thickness  of  luci-fe  is  required  to  stop  the  beta  particles 
from  "a  one -curie  source  of  B^p-'  "Calculate'  the'  bremsstrahlung  dose 
rate  at  20  cm  "produced  by  using  this  ^shield.    Density  of'lucU^  is 
1.2  gm/cm^  and  its  Z  number    =    3-6.  ^  ' 


Si 


> 


hm  ;3'3 1 


4w 


How.  much  lead  reqxiiredl  in  Problem  1,  in  addition  to  the  lucite, 
to  reduce  the  dose  rate  reading  tp  5  mrad/hr  at  20  cm? 


»  s 


\ 


3B2 
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What  thickness  of  lead  is  required  to  stop  the  beta  particles  and,  - 
reduce  the  bremsfitrallilung  dose  reading  to  5  mrad/hr  at  20  cm  from 
a  one -curie  s6urqe'  of  t^^rP?    (This  prqblem  is  similar  to  Problem  1 
and  2,  but  lea'd  is*u3ed  instead  of  lucite  to  stop  the  beta  parti- 
cles. ) 


•  Xou  are  designing  an  iron  container  for  a  ^^Na  salt  used  in  medical 
research.  ^  A  maximurr;  of  P  cu-ries  of  ^^Na  "will  be  in  the  container  at 
*ajny  one  time.    Kow  thick  must-  the  container  vall^be  to  repluce,  the 
dcse  rate  to  1  mrad/hr  at  1  meter  from  the'  outside  surface  of  th^  * 
**3ontainer7         .  *  •  *  •  • 


You  have  received  a  beta  check  source.    C6r.pute  the  thickness 

'of  lead  shielding  necessary  to  reduce  the  dose  rate  to  one  mrad/hr 
at  1  meter  from  the  source;-  The  source  has  an  activity  of  5  curies. 


3^5 


404 


One  hundred  milli curies  of  ^^Snu'is  used  for  each  decontamination 
exercise  conducted  in  Scaler  Lab  -T,  USAOC&S.  is  shipped  in 

a  polyethylene  container  shielded  with  lead.    The  density  of  poly- 
ethylene is  0.92  gm/cm^  and  its  Z    =  2.66?. 

a.      How  much  *PO lye  ohylene  is  required  to  s^op  all  beta  radiation? 


38G 

405 


6.  How  much  l«ad  is  necesaaryr  to  reduce  the  dose  rate  to  10  mrad/hr 

at'  1  meter  from  the  source  ? 


^-1  <^ 


387 
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What  tjiickness  of ~  Al  will  stop  the  beta  from  a  25  mCi  source 
of  90sr  -         (pure  beta  emitter)? 


What  will  be  the  dose  rate  at^  15  cm  from  the  source  in  part  ^ 
In  calculating  source  strength,  assume  25  mCi  of  9^Sr  and 
25  mCi  of  90y, 


33'3 

407  ■ 


What  vdll  be  the  dote  rate  at  15  cm  after  inserting- a  2.2 
lead  shield  in  addition -to  the-  alTiminiJin? '  (This  situation 
corresponds  closely  to  tliat  in  the  TS-78^f(  )/PD. )  . 


How  many  hours  per  week  can  a  military  operator  work  15  cm 
from  this  source?    (MPE    =    300  mrad/week)  ' 


.  ,  389      .  ' 

408 


t 
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8.     How  mucTi  lead  is  necessary  to  phip  5  curies  of     Kr  and  not 
10  mrad/hr  1  meter  from  the  source?        '      ^  '  ^ 


'J- 


330 


4a9  ' 


The  calibrator  M/UDM-IA  uses  a  ^37cs  source  with  an  activity  x>f^ 
120  curies .    How  much  lead  is  required  to  reduce  the  dose  rate 
vP'lO  mrad/hr  at  1  meter? 


4 


391  . 
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Solutions*  *     ^  ^        *    .  ' 

1.  Given  32p  S9urce;  calculate  R^^g^^       ^0  cm. 

■    d  •=    20  cm  ■    .    •  Z^^^.^^    =  -3.6 

-    (1)  =  '1.708  ^page  383,  gam  25)  (iO<^)  ' 

(2)    Range ^'^=    -^^fflg/cm^  (page  123,  Pan  25)   '  . 
P^^^i2^'^^4.2,g/cm3  .=  -1200  mg/cm3       '  ^ 

•  X    ■=    0.65  cm  lucite  .  ^d.  ■ 

4  1,1,...,   I  ^ 

^     '        (U')  =    1.85  X  10"^CE/zn 

^     •   brem  p 

'    '  /    '  =    1.85  X  10"^ (1)(1. 708)^(3. 6)fL) 

*  =    1.9^3  X  10"^  rhm  '  =    1.9^3  nu-hm  ^ 

a  /) 

(0.2)2   =   p.O'V  ^         •      '  ' 
=    U8.6  mrad/hr  -  ANSVSR 

2.  Given  32p  source;  calculate  thickness       lead  required  to  reduce 

to  5  mrad/hr  at  20  cm.  . 

C    =    ICi    .      .  *      *       P^g^^    =    11-35  g/cjn^"- 

"d    -    20  cm     ^  =    ^^8.6  mrad/hr  (from  Problem  l) 

!§max    ^    1^  '=-o.85U  Mev  .   •      '         '  ^ 

2  •    2     .  .       .  ■ 

411  *  . 


(Cont.)' 


^  Kev 

r~lBob" 

5h-  • 


cm  /g   ,  -  ■ 


0.  08j85 


,2004    ^'yk  u/p  J   •  p.OlTT 

1000         0.0708  - 

51.    _       X  —  "  /  '  . 

200       -0.0177.  ■ 

X    =  0.,00U8 
li/p    =  •  0.0885  -  0.poU8    =    0.p837  Gm  /g 

'Op^    =    11.35  g/cm-^  (page  65,'Pain  25) 
u    =    (a/o)(o)  ,  * 

V   =  (0.0837)(11.35) 
u    =  -0.95  cm'"^ 


,  Xj^    =  0.729  cm 
v. 


R 


-  il)    2"    =  = 


,  U8.6 


R 


=  9.72 


n    =    3.3   .  - 

•  *  • 

X    =    nXi    =    (3.3)(0.729)    =    2. If  1  cm  «f  lead'-  ANSWER 


Given  32p  source;  calculate  thickness  of  lead  to  shield  P  and 
Bremsstrahluiig  to  R    =  .  5  mrad/hr  ^t  20  cm. 

.     ■         .  .  '» 

(1")    Eg    =  .  1.7p8  (page  38,3  ,  Pam  ,2^) 
(2)"  R    =    780  mg/cm^  (page  123,  Pam  25)  * 
'    (3)    X    =    ^  where  p^^^^^^  =    11.35  g/cm^  (page  65,  Pam  25) 

780 


11350 


-2 


=    6.87  X  10     cm  Pb 


■  412 


■  -k  2 

1.85  X  10  •   CEp  Zn  ^ 
1.^5  x'l0"^(l)(l.708)^(82)(l.) 
k.k^5  X  10"^  rhm    =    ^^.25  mrW 


_  hk.25  ^  ^^'25  =  ^1106  mrad/hr 
•     (0.2)2    -   ^  • 


394 
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(6)  X|    ^  =    0.7^9  cm         (from  Problem  2) 

(7)  '2".    =    f    =   IM    f  221 

n    =  7.9 

X  =^  nXi  =  (7.9)  (0.729)  =  5.76  cm  of  lea,d 
Total  Thickness    =    5.83  cm  of  lead  -  ANSWER 


NOTE: 


This  IS  over  twice  as  much  lead  as  required  if  we  use  lucite  to 
shaeld  beta  (see  Problem  2).    A  lead  shield  is  not  necessarily 
the  best  shield  for  all  types  of  radiation.  ' 

h.      Given  22Na  source,      ,  and  y  decay;  calculate  thickness  of  iron 
needed  to  reduce  R  to  1  mrad/hr  at  1  meter. 

.  (1)    Ep+    =    0.5^5   /from  page  382,  Pam  25)  (9(^) 

=    1.27^6  (IOO3&)  '  • 

^.     (2)    R       =    180  mg/cm^    (from  page  123,' 

 (3)    X       =  ^  where  ^)    =    7.86  g/cm^  (p 


180 

=    THSo    "    0.0229  cm  of  irdn 

=    1.85  X -lO"^  {0.9){2){26)(0..545)^ 
=    2.57  x-10"3  rhm    ='  2.57  mrhm 
•  =    0.56  nCE 

=    0.56  (1)  (2)  (1. 27^16) 
=    1.-428  rhm    «    1^28  mrhm 
^ann    =    °-572  nC  '  ' 

=  0.572  {o:9){2)' 

=    1.029  rhm    =    1029  mrhm 


=    2.57    +   I'+SS    +   1029  rwchm 


2560  mrhm 


S 
d 


2U6O 


.  =    2U6O  rad/hr 


0.5 


0:27^+6 


1/ 


0.0111 


Using  1.27^6  Mev  and  p    =    7.86  grrf/cm^ 

"0.1  ,  0.0599' 

■1.27^+6   ■    u/p  - 

1.5  O.OU88 

0.27^6    ^  X 
0,5  0.0111 

X  =  .0.0061 

n/p    =    0.0599  -  0.0061 
=  0.0538 

fx       =    n/p  X  p'  =    0.0538'x  7.86 

.   ■  -1 
=    O.U23  cm  •  • 


2 


=   2493    =  i.6Ucm 
■oTli23 


o'l        _ii  = 
R 


1^.3 


nXi 

2 


2U60 
1 


2U6O 


total 


(11 


3)(i. 


■.6uV  = 


18.53  cm 


8s 


,0.0229    +  18.53 


=    18.55  cm  of' iron  -  ANSWER 


415* 

396 


« 


5-.      Given  ^3,, 

source;  compute  thickness  of  lead  necessary  to  reduce 
R  to  1  mrad/hr  at  1  meter. 

(1)  Ep    =    0.067  Mev  (100^)    (page  389,  Pam  23) 

(2)  R     =    6.8  mg/cm  (page  123,  Pain*25) 

(3)  X     =   -     where  p    =   11.35"  g/cm-^    (page  65,  Pam  25) 

6  8' 

X      =    Ti35o~  =  10"-^  cm  -  ANSWER 


NOTE: 


0 

ERIC 


(a)  Since  the  maximum  energy  of  the  beta  particle  is  less  than  0;1 
f^v,  it  does  not  possess  enough  energy  to  produce  bremsstrahlung. 
Therefore,,  we  only  have  to  shield  out  J^he'beta  particles.,  ' 

(b)  It  is  also  obvious  that  lead  is  not  a  practicable  shield  for 
.  this  source.    In^fact,  air  has^a  dehsity  of  1.293  x  10"^  g/< 

(from^^page  66^  Pam  25 )»  Therefore^, 


cm^ 


T^^'  ^    5.26  cm 


6.8 

"air   '  1.293 

which  means  that  air  is  sufficient,  to  st6p  all  the  beta-particles 
emitted, -and  other  shielding  is  not  necessary  to  meet  the- require- 
ments.   This  does  not  mean  the  source  can  be  handled; 


6.      Given  "^^-Au  source. 


Find:'  ,Thickness  of  polyethylene  required  to  stop  .beta  radiation. 


CD 

=    0.961  Mey  (99^)    '  (page'  i+05,  Pdm  25) 

(2)' 

R 

=    380  mg/cm               (page  123,  Pam^  25*)     *  ^ 

'  (3) 

X 

'  R          •  ' 

=   -     where  p        Q.92  g/cm"^ 

* 

t 

4- 

X 

'=    ^    =    0.ifl3  cm  of  polyethylene  -  ANSWER 
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.     Find:    Thickness  of  lead  to  give  R  •  -   10  mrad/hr  at  1  meter. 

,(1)         =  0.56nCE 

=   0..56(0.99)(0.1)(0.»H18)    =   0.0228   rhm.  =   22.8  mrhm 
-k  2 

s         ^   1.85  X  10  nCZEp 

=  1.85  X  lo"'*  (0.99)(0.l)(2.667)(0.96l)^ 
=    If. 51  X  10"5  rhm  -   0.01^51  mrhm 

=  22.8  +   0.0i*51  mrhm 

=:  2^.814-51  mrhm   =    22.85  mrhm 

E 

(3)    Use.-^   =  '0.1^5  Mev  ' 

n/p    ='  0.175  go/cm  .  .  ^  ' 

n  =   ^/p  X  p   =   0.175  X  11.35   =   1.986  ca"^ 


*  (If)    2°    =  ^   =  -    2.285  "      .  . 

.'.  '  n    -  1.2 

X  «   nX^   -    {l.2)(0.3'*9)    -  'OM'^  cm  -  ANSWER 
Given  ^Sr  -  iource. 

1^.     Calculate  thickness  of  Al  required  to  stop^. 

(1)   E  90        90.^  =   2.268  Mev     (page  392,  P«R  25) 

^  '  Pmax 
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(2)    Range    =    1100«mg/cm    ,     (page  123,  Pam  25) 
^Al 


p   *    =    2.699  gm/cm^    =    26.99  mg/cm^    (page  65,  Pam  25) 


(3)  X  =  ^   '  •     \         ,     .  : 

1100 

2^99 

=    O.U08  cm  Al  -  ANSWER 

Calculate  the  tot^l  source  strength  assuming  25  mCi  of  each. 

(U)    S,       '  =    1.^85  X  10"^  CZEn.E? 
brem  p 

=    (1.85  X  10"^)(25  mCi)(l3)  [(1)(0.5U6)^  +  (0.99) 
(2.268)^] 

=    O.32U  mrhm' 

S  ^ 

(5)    R    =    4    =  ^    =  =    lU.U  mrad/hr  -  ANSWER 

.  (0.15)^ 

^3max    _    2.268    _    .  .^u  u 
— 2 —  — 2 —        1«13'+  Mev 

n/p  '  =    0.0657  cm^g    ,  •  •  .  , 

^lead    "    l'^'^^  ^'^^^        Pam  25) 

H.  =    li/p  X  p        ■  ■  ■  _  ' 

=,   (0.0657) (11.35)  "■  .  ■ 

=    O.7U6  cm"-"-*        -  .  .if»  • 


(6)    X,  - 

>  -399 


(t)'h  =  f 


n  •= 


Xi    .  0.929 

2 


=  2.37- 


2''.  =^U.95 


R    =i*  =   2.91  mrad/hr  - 


ANSWER 


d.      D    =    300  mrad  .     R    =  ■2.91„n3rad/hr'' 

t  = 


Given  ^^Kr  source;  calcvdate  lead  shielding  needed  to  reduce  R  to 
10  mrad/hr  at  1  meter.     '  .  ■ 

(1)   E  =    0.67  Mev'(99.6?&)         -         .  . 


Pmax 

(2)    R     =    235  tog/cm^       Ppt,    =    11.35  g/cm^ 


(■is    Y     =    5    =   .  .^35     _    0.0207  cm"  of  lead 
\       p       11350  ,  ■ 

(U)  =    1.85  X  W^nCZEg 


(1.85  x'io-^)(o,996)(5)(82)(o.67r 
0.0339  rhin,    =    33-9  nirhm 


(5)    R     =   %   =  =  •  33.9  nirad/hr  . 

d^  (1) 

Eo  6.67 
P"^'  =    ~2       =    0.335  Mev 

2  •  ; 

n/p    =    O.3U35  cm  /g 

■  =   (0,3^35) (11. 3^)   =  ,  3.9  cm"-*- 

Xx'   '=.2:M    =.'0493,^-1   ;    0.178  cm 
2  n  ,3.9 

419 

400 


(7)   2"*  =   ^   =   33.9  mrad/hr    ^  " 
^'^  R       -  10  mrad/hr    .  . 

■  n    =  1.8 

.     X    =    nXi    ='  (1.8).(0.178)    =    0.32  cm 

2 

.  (8)  =    0.0207  cm    +   0.32  cm    =•  O.3U07  cm  or 

O.3UI  cm  of  lead  -  ANSWER 

137 

Given  Cs  sourcej  calculate  thickness  of  lead  to  reduce~R  to 
10  mrad/hr  at  L  meter. 

^Pmax    "    ^'^"^^      (P^Se  399,  Pam  25) 
(2)    R    =   U90  mg/cm^  . 

^    "   f   "    illfo        °'*^32  cm  of  Pb 

-^brem    =    ^'^^  x  lO"^  nCZ(Ep)2 

=    (1.85  X  10"^)  (120)  (82)  [  (0.935)(O.5li^)^  + 
(O.O65) (1.176)^] 

=    0.6133  rhm   ■  • 
=    0.56  nCE    "    '  ' 
-    =    (0. 56 )(120K0. 935) (0.6616)    ^   J+1.57  rhm  . 
^total    =    ^rem    ^    ^     =    ^^2. 18  rhm  ■      ;  ^ 

(5)    R     =   !t2tal    ^   it^s'   ^   j,2.l8rad/hr    '  ' 

•    d  1'^      ■  '  . 

■  (6)    Find  ,  .  ■  • 

'2 

■    ■  Use  E      =  0.6616 

7  - 

u/p   =  0.1138 

\x      =    (0.1138.) (IX. 35)    =   1.292  cm"-'-.«- 
^     -   1:2^   -   °'537  cm 

:,'  401    ■  . 
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(7)-  2"   =  f 


U2I8O 

10 


=  U218 


n    =  12.1 


(8)    X    =    nXi    =    (I2.l)(0.537)    =   6.3  cm  of  lead  -  ANSWER 
2      .    - 
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SHIELDING  COOKBOOK 


1.  „  Calculate  penetration  of  P  paJrticle*. 

b.     p  range,  page  123;    P,  page  65. 
c    X   «   -    (watch  \mif) 

2.  Ca^te  source  strength  for  all  electromagnetic  radiation  where  n  >  O.03. 

a.  S     «   0.56  CXnE 

b.  a         »   1.85  X  10"^C2EnEf±  (except      <  0.1  Mev) 

Drea  p  -         n  — 

c.  S.^^    =  0.572CEn 

ann 

d*      S  -S+St+S  - 

total  7      .  ^rem  ann 

3*     Ccapute  dose  rate  at  desired  distance. 

'     ^  d^ 
U.     Ccapute       for  Electromagnetic  Shielding. 

a.  Pick  greatest  energy:   E^    ,     P  max,    0^511  Mev  (for  P  ). 

Tniax  ^ 

b.  Calculate  fi/p  from  tables  on  pages  137-139* 

c.  M   =s    u/p  x  p    (p  from  page  65). 


d. 
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3*  ^   CoiQtate  X. 


*b»     Uie  2^  Table'  or  slide  rule. 


6'     W    "   ^Step  5)    *  ^(Step  1)  »t«.ial. 
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RAD  I  AC  INSTRUMENT 
CALIBRATION  TtCHN  l\QUES 


"7^ 
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DFSIO,  RADIAC  INSTRUMENT  CALIBRATION  TECHNIQUES 


I.    Reference:    m  11-6665-20U-12;  TB  ll-6665-2(A-12.'  ^         .  .  / 

II.    Lesson  Objectives  .and  Notes.  .  . 

A.  Procediires  for  calibration  of  the  IM-lJ^/PD  and  M/PDR-27J  radiac 
instimments  with  the  TS-78UA/PD  radiac  calibrator.  1 

B.  Safety^recautions  for  handling,  storage  and  use  of  radiac  ]^ 
calibra^on  devices. 

C.  Characteristics  of  other  radiac  calibration  devices. 
.  .  *    '  ■»  • 

D.  Procedures  f6r  C^aibration  of  the  AN/PDR-60  radiac  set  with 
*the  AN/UEM-6  radiac  calibrator.  *  4  '  ' 


4  uo 
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III.  Explanation,  / 
A.    TSt784(  " 

1.  Publications 

a.  TM  11-6665-204-12 

b.  DA  Pam  310-4 

2.  Characteristics 
'Ss^  a.     Source  * 

b.  »  Activity 

c.  Radiation 

d.  '.  Calibrates  -  IM- 1 74(   )/PD;  AN/PDR-27(  );AN/PDR-60 

<2R  Scale);  AN/PDR-39,  \  '         .  ■ 

♦ 

3.  Controls  '  '  . 
,    a.     Label             ,        '  ^                             .      •   ,      /  • 

b,  -License 
*  c.     Authorization  for  issue 

d.  RPO  qualification 

e.  Radiation  levels  ^ 

4.  Duties  of  RPO  -  '  ' 


5.     Unpacking'  procedure 


407 
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Safe  use  and  handling 

a.    Warning  page  basic  TM 

h.  D9simetry 
c.  Procedures 


d.  Eye  protection 

e.  Special  situations 

Preliminary  operations  and  procedures 
a«-  Calibration  charts 

b.  'Decay  curve 

c«    Sample  problem  ^ 


(1)    What  is  the  decay  factor  for  a  TS-7S4(  )  calibrator  that  wkfi 
calibrated  4  years  ago? 


(2)  -3  years  Bg(f> 

(3)  'if  you  are  calibrating  an  IM-17AA  ancl  the  meter  reading  listed  in  the 
•  calibration  chart  for  the  4C«C  scale  is  350  rad/hr,  what  is  the 

Sbrrected  meter  reading  for  the  calibrator  in  (1)  above? 


4v)8 


B.  AN/UPM-6. 

1.  Publications  -  TM  3-6665-203-10;  TM  11-6665-208-15; 
•TM  11-6665-221-15 

2,  Characteristics  of  the  AN/UDM-6 

a.  Source 

b.  Activity 
c*  Radiation 
d.  Calibrates 

3..    Controls  ^  ^  . 

a/  Libeling 

b.  Licensee 

c.  Authorization  for  Issue 

'  d.  RPQ  qualifications  *  • 

"  i  • 

4*     Duties  of  custodian  (RPO) 


5.     Unpacking  procedure  .        " —  ^ 


6«     Safe  handling  and  use 


7.     Adherence  test- 

-    409     ' .  :    '  ' 
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/  ■ 

IV.   Practical  E:^ercise  " 

WARNING^    Improper  use  of  the  TS784(  )7pD,  or  failure  to  follow  exactly 
the  procedure  outlined  below  and  in  TM  11-6665-204-12  could  refult  in 
•  p^naknent  injury  or  death/ 


!•    All  personnel  must  wear  film  badges  and^e  protection  (safety  • 
goggles  or  prescription  eye -glasses)  during  the  exercise.  * 

2.    No  smoking,  eating,  drinking,  or  chewing  in  the  calibration 
laboratory.  v    .  ^  "'^j 

3;    Always  stand  on  the  selector  todtrol  side  of  the  calibration 
assembly  and  never  expase  the  face, /hands,  or  body;to  the  radiation  VOtt 
on  the  calibration  assembly.    >  * >      '  j  > 

4*    Always  keep  the  radiation  port  aimed  toward  the  wall  and  Insure 
during  assembly  operations  that^it  is  not  turned  toward  other  personnel. 

5,  Always  set  the  calibrator  assembly  selector  control  to  4mr/hr  ,^ 
whenever  the  assembly  is  not  being  used*  -    ,  '  . 

6,  Always  Azover  the  calibrator  .assembly  with  the  safety  shield  when 
changing  adapters  and  when  the  assembly  is  not  being  usfed*.    Also  position 
'tl^e  calibration  assembly  aga^-Rst  the  rearmost  part  of  the  workbench  when 
not  being  used,  ;  '  -  » 

7,  Always  monitor-wash-monitor  prior *to  leaving  laboratory  or  wbfk 
area*  ^  •  ^ 

Prepatation  .of  the  TS-784A  for  Calibration,  ^ 
l7    Preparation  for  assembly* 

a.    Open  cover^and  check  the  selector  control  and  m#Ke  certain 
that  it  is  in  the  4mr  position* 

r  , 

b^    Remove  calibration,  assembly  and  place  it  face  down  on  wooden' 
block*  .      -  '  \  ^ 
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c.  Remove  following  Itezas  from  the  carrying  case: 
(1)    Calibration  chart •         ^  >    *  . 

^(2)    IM  174(  )/PD  adapter. 

(3)  AN/PDR-27(  )  adapter. 

(4)  AN/PDR-39(  )  adapter  (calibration  ca»e). 

i 

d.  '  Set^carrying  case  aside**^* 

^  2,    Mounting  of  calibration  aavenbly*  ^ 

#  5*    Hook  safety  thiel^  over  front  of  calibration  case. 

^  * 

b.  Reiaove  lead  shield  from  calibration  assembly  (KEEP  IT  TURNED 
AWAY  from -eyes  and  body!)«^ 

Align  radlration  port  af  assembly  with  port  of  calibration  « 
case  keeping  rubber  foot  of  assembly  o^  table*    Secure  the  assembly  to 
the  case  with  one  of  the  short  lead  plate  cover  screws  using  the  mounting 
hole  closest  to  the  left  end  of  the  adapter. 

d.    Lift  up  safety  shield  and  place  "iM-iyAC  )/PD  adapter  inside 
case  so  the  radiation  ports  are  aligned.    Replace  safety  shield  aiid  secure 
adapter  with  the  remaining  two  screws. 

3.    Wipe  Test. 

r 

a«    Take  background  count. 

b«    Break  cotton  swab  to  less  than  5  inches,  moisten^  and  hold  «  ; 
wooden  end  with  pair  of  tongs. 

c.  Remove  safety  shield  and  turn  selector  control  to  the  AOK  \  « 
position.    Insert  th^  swab  into  the  radiation  port  and  thoroughly  but } 
gently  swab  the  sourjje.  *' /  ^ 

NO'TE:    DANGER  I  -  btf^dot  look  directly  into  the  calibration  case  or  place  your 
^    ^hand  in  Trokt  of  the  radiation  port.  , 

d.  Tu'm<the  selector  control,  back  to  the  ^mr  position  and  replace 
the  safety  .shield. 

e«    Place  swab  on  second  shelf 'in  pig  and  take  a  2-mLnute 
coixat.    (If  a  scaler  is  not  available  .^ee  Para  9-9,  TM  lX-6665*-204-l^ 
for  alternate  procedure.)  •         ^  ^ 

NOTES    If  this  count  exceeds  twice  background  call  the  safety  officer. 
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£«    Dispose  of  swab  as  radioactive  waste* 


C*    Calibration  of  Radiacmeteir  IM-174/PD^ 

I«    Preparatipn  for  calibration* 

a«    Loosen  the  four  bolts  in  the  bottom  of  IM*174  case  and  remove 
the  case#  (Fig  A) 

"b.    Remove  the  ion  chamber  from  the  IM-^174/PD  and  place  it  in  the 
IM-174/PD  adapter  with  the  beta  window  facing  the  I  calibration  assembly* 
(Fig  B)      '  - 

Place^the  IM-174/PD  case,  metear_fe,ce  up,  on  the 
left*side  of  the  adapter.  .  "  *    •  , 


ERLC 


d«    Attach  a  ground  wire  from  the  pin  on  the  IM-174/PD  adapter 
to  the  -pin  on  the  resistor  board,  > 

e*    Perform  pr,e-operational  ^heck,     -  -  ^ 
2«    Performance  check ♦  ,  * 

a«    Check  date  on  calibration  chart.    If  the  date  is  1 1  year  or 
more,  apply  the  correction  factor  from'the  decay  purve  (para  2-5,  TM  11- 
6665-2.04-12)  to  the  reading  listed  in  the  calibration  chart. 

» 

b«    Turn  the  selector  control  to  the  40K  mr/hr  position.    If  the 
meter  i»  properly  calibrated »  it  should  read  within  +10Z  of  the  value 
listed  in  the  calibration  chart* 


c«    Turn  the  selector  control  to  4K  mr/hr-and  then  to  400  mr/hr. 
The  meter  should  read  within  ±10%  of  the  value  listed  in  the  chart. 

d«    Return  selector  control  to  4mr, 

3«  '  Calibration* 

a«    Turn  selector  control  of^'the  TS-784(  )/PD|to  46k  mr/hr*  The 
IM-174/PD  should  indicate  the  corrected  value  listed  in Jthe  calibration 
chart  within  ±10%*    If  is  does  not»  adjust  the  externfay  calibration 
potentiometer  until  the  correct  reading  is  obtained* 

b^    Turn  selector  control  to  4K  mr/hr •    If  the  reading  is  not 
within  ±10Z|'  adjust  the  external  linearity  potentiometer  until  the  correct 
reading  is  obtained* 


c.    Return  the  »e lector  control  to  40K  mr/hr 
again  adjust  the  external  calibration  potentiometer, 

430 
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and  if  necessary » 


lOXE:    Check  zero  on  meter  after  evdry  step  above, 

d«    Return  the  selector  control  to  4mr/hr  and  replace  both  cap^ 
nuts  being  careful  not  to  disturb  the  settings  of  the  controls* 

e.  Turn  the  check  switch  on  the  IH-I74  to  £LEC  CAL  and  if  the 
meter  does  not  read  500  rad/hr»  adjust  the  internal  calibration  poten-*  , 
tiofiieter  (fig  A)   until  it  does. 

f.  Turn  the  check  switch  to  LIMEA^UTY.  and  if  the  meter  does  not 
read  SO  rad/hr,  adjust  the  internal  linearity  potentiometer  * (fig  A) 

'    until  it  does. 

g«    Remove  ionization,  chamber,  replace  safety  shield'and  reassemble 
the  IM-174. 

*    ,     D.*  Calibration  of  Radfacmetcr  LM-174A/PD.  ^  ^ 


1«    Preparation  for  calibrat 

a*    Loosen  the  four  bolts  in  base  of  the  case  and  remove  instrument 
from  "the  case.  '         •    ,  . 

\   b«  ^  Remove  the  ion  chamber  and  place  it  in  IH*'174  adapter  with 
the  beta  window  facing  the  calibration  assembly*    Place  the  IH**174A|  with 
meter  facing  up,  to  the  left  ot  the  calibration  case*  ^ 

*  '  ^ 

c*    Press  and  hold  the  function  switch  to  ZERO  and  adjust  the  SET 
control  until  the  meter  indicates  zero* 

d*    Set  the  function  switch  to  CHECK«    The  meter  should  indicate 
within  the  CHECK  lines*  ^ 

2/  Performance  chedc  and  calibration* 

f  a*  Turn  selector  control  to  40K  mr/hr,  then  to  4K  mr/hr  and  then 
to  400  mr/hr*  If  the  meter  is  properly  calibrated,  it  should  read  within 
irlSZ  of  the  values  listed  in  the  calibration  chart*  , 

b*    Turn  the  selector  control  to  40K  mr/hr*    If  the  peter  does  not 
Indicate  within  ±13%  of  the  correct  value,  adj^ust  the  calibration,  control 
until  it  does*  ^  ^ 

c*    Check  the  readings  with  selector  control  in  the  4K  lar/hr  and 
400  mr/hr  position*    Adjust  the  calibration  control  until  all  settings  read 
within  ±15%  of  the  proper  value*)   —  ^  j 
.  ^         /  '  • 

d*    Press  and  hold  the  FUNCTION  swit^ch  to  the  ZERO  position*  If 
the  meter  does  not  read  zero,  repeat  step  b* 

1 
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e«  •  Replace  capnut  and  turn  selector  .to  4  mr/hr. 

f.    Turn  the -SET  control  ..to  OFF  and  remove  the  ion  chamber  from 
calibration  case.    Replace  the  safety  shield  an    reassemble  the  IM  17AA/P1>. 

E.    Calibration  of  Radiac  Set  AN/PDR-^ZyC*) , 

i 

1.  Preparation  for  calibration. 

a.  Remove  the  IMt174(  )/PD  adapter  and  place  the  AN/PDR-27  ' 
adapter, in  the  calibrator  case.    Align  the  radiation  ports  with  the  large 
motuxting  (flips  to  the  rear.    Replace  the  safety  shield.    Secure  the 
adapter I    using  the  long  screw  in  t^e  top  screw  hole. 

b.  'Loosen  the  small  compression  nut  at  top  of  the  small  probe 
and  then  unscrew  the  large  gland  nut  at  top  of  the  probe, 

c.  Loosen  the  bands  holding  the  two  probes  together  and  slide 
the  sm:ali  probe  forward,  but  not  out  of  the  bands. 

- 'd.    Carefully  remove  the  GM  tube,  Jf rom  small  probe  so  as  not  to 
break  th^  wires,.  If  there  is  a  plastic  sheath  around  tube,  remove  it  al,so« 

e.  Remove  the  GM  tube  from  its  mounting  clips  and  place  it  in  the 
small  mounting  clips  of  the  AN/PDR-27(  )  adapter. 

f .  Place  the  dummy  tube  from  the  AN/PDR-27(  )  adapter  into  the  clip 
assembly  of  the  small  probe  in  place  of  the  GM  tube. 

g.  Place  the  large  probe  in  the  large  mounting  clip  of  the 
.adapter  p<5  that  the  be<:a  window  is  closed  and  pointing  toward  the  left 

ilde  of  the  ^calibrator  case  (fig -C). 

h'.,    Place  the  cables  in  the  notch  on  the  side  of  th6  adapter^ 
Remove  the  safety  shield  and  cpver  the  adapter  with  plexiglass  sheet. 
«•  •  >  .  » 

2.  Calibration. 

a.  Remove  cap  from  the,  AN/PDR-27  calibration  well.  • 

b.  Remove  the  attenuator  from  in  front  of  the  radiation  port, 
turn  the  AN/?DR-27(  )  range  switch  to  500  and  the  TS~784  selector  control 
to  the  position  indicated  in  the  calibralion  chart.    If  the  meter  does  not 
agree  within  ±15%  of  the  correct  value,  adjUst  the  SOO-mr  calibration 
control  until  it  does.    Return  the  selector  control  to  4~mr.- 

c.  Insert  the  50mr  attenuator  into  the  channel  slides,  turn  the 
AN/PDR-27  range  switch  to  50  and  the  TS  78A  seJLector  Control  to  the  ^ 
position  indicated  in  chart.    Adjust  5pmr  calib'ration  control  until  . 
correct  .indication  is  obtained*-    Return  the  selector  control  tp  4ar. 
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d.    Replace  the  50mr  attenuator  with  the  Smr  attenuator,^^  Turn 
the  AN/PDR-27  range  «wit,ch  to  5  and  the TS- 784  selector  control  to  the  ' 
position  indicated  in  the  chart.    Adjust  the  Smr  calibration  controj.  as 
necessary.    Return  the  selector  control  to  4mr. 

e«    Remove  large  probe  and  disconnect  dusn^  GM  tube.  Remove 
small  GM  tube  from  the  mounting  clips  and  reassemble  the  small  probe« 

f.    Do  NOT  remove  AN/PDR-27  adapter  at  this  time. 

g»    Stand  the  calibration  assembly  on  end  and  .place  the  large 
probe  36  inches.-from  the  center  of  the  calibration  assembly, 

h.  Turn  the  range  switch  to  0.5  and  adjust  the  0.  5  calibration 
control  until  the  meter  indicates  within  ±15%  of  the  correct  value, 

i.  Replace  the  calibration  well  capi  ' 
F.    Calibration  of  the  2r  Range  of  Radiac  Set  AN/PDR-60, 


Caution;    Be  sure  the  AN/P'DR-SO  is  tum^d-*ff.    Allow  15  seconds  if  or  the 
high  voltage  power  supply  to  discharg 

1«    Remove  the  instrument  from  the  case  assembly  by  releasing  the 
latch  at  each  end, 

2.    Place  the  safety  shield  on  the  adapter, 

3*    Remove  the  GM  tube  and  place  it  in  the^  clips  of  the  AN/PDR-60.  ' 
adapter^  orient  the  tube  so  the  cap  end  is  placed  at  the  left  of  the  ^ 
nomenclature  of  the  ada)jrter|  and  the^  clip  at  the  right  of  th^^omencl^^ture 
fits  in  the  recei^sed  arei*  on  the  other  metal  contact  of  the,ioe.  Place 
the  adapter  in.  the  smaU^lips  of  the  AN/PDR-27  adapter  rd^'roat  the 
nomenclature  is  facing  the  radioactive  ^ource«    Place  the  dummy  tube  *^ 
connector  of  the  AN/PDR-27  adapter  in  the  AN/PDR-60  so  that  it  duplicates 
the  normal,  position  of  the  GM  tube.    Remove  safety  shield, and  attenuator 
from  radiation  port  and  cover  calse  with  plexiglass  'sh^et, 

4.    With  the'  range  switch  in  the  2r  position,  and  (he  discriminator 
control  in  the  AC-3  position,  place  the  selector  control  in  the  position 
indicated  in  the  calibration  chart. 

I  5,    If  the  me'ter  does  not  indicate  within  ±20Z  of,  the  correct  value, 

\  adjust  the  2r  calibration  control  until  it  does. 

6,    Return  selector  to  4mr  and  replace  attenuatot  and  safety  shield. 
Turn  off  AN/PDR;::^^^  .  •        \  , 

1,    Keaove  the  GH  tube  and  other  du&ny  GM  tube,  and-  reattetnljj.e  the 
AN/m-60.  •  , 
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8.  Remove  AN/PDR-27  adapter  from  calibration  case.  Replace  gafety 
shield.  •  .  • 

G.    Disassembly  of  TS-784A. 

1.  Make  sure  selector  control  is  in  4mr/hr  position. 

2.  Remove  calibration  assembly  from  case  and  attach  lead  shields 
Replace  it  in'lid  of  carrying  case. 

3.  Replace  iteips  in  the  reverse  order  that  they  were  removed. 

4.  Do  not  secure  carrying  case  until  it  is'*  inspected  by  the  safety 
officer. 


W 

I 

o  • 
i 
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H,  Safety^  ^  ,  • 

ll.   All  personneT  will  wear  filia  badges  durlpg  the  exercise* 

2«    No  eating,  drinking,  chewing  or  smoking  in  the  calibration 
laboratory*  . *  . 

3«    Monitor*-wa8h-monitor  prior  to  leaving  the  laboratory  or  work  area. 

4«    Do  not  touch  the  radioactive  sources  Attached  to  the  lead  ;}igs  or  * 
attempt  to  remove  the  fjigs  from  the  case. 

■    .         f    /  ' 

I.  Wipe  Testing  AN/UDM-6  Calibrator// 

1«  Take  l-inch  smear  and  mark  one  side  with  serial  number  of  th^  set. 
2«    Moisten  smear  with  water.  '  ^ 

3«    Smear  the  frame,  Jig,  and  mask  of  the  calibrator. 
'  NOTE :    Do  NOT  smear  the  "radioactive  coated  surface ! 

4.  Allow  smear  to  dry.  ^ 

5.  htonitor  smear  with  AC-3  probe  of  AN/PDR-60  with  range  switch  set 
at  xl.O.  /  ' 

NOTE:    Call  instructor  "If  radiatmeter  Indicates  greater  than  900  cpm  above 
background! 

J,     Calibration  of  the  AC-3  Probe  of  the  AN/PDR-60  Radiac  Set.  • 

1.'   Preparation  fo^  calibration. 

a*    Remove  the  instrumejit  from  the  case  assembly  by.  releasing  the 
latch  at  each  end. 
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Caution;    Be  sure  the  AN/PDR-60  is  turne<f*off«    Allow  15  seconds  for  the 
high  voltage  power  supply  to  discharge* 

b«    Using  the  shielded  juioper  cable  connect  the  center  conductor 
to  the  center  post  in  case  and  connect  the  opposite  end  to  the  solder 
'  terminal  above  the  high  voltage  block* 

c.    Connect  the  shield  of  the  cable  to  the  ground  spring  contacts 
in  the  case  and  on  the  chassis •  ^  * 

4,    Turn  the  instrument  range  switch  to  2r  and  set  the  ^robe 
selector  switch  to  AC-3.  * 

2.  Calibration. 

a.  Remove  the  AC-3  discriminator  capnut,  and'turn  the  range 
switch  to  Xl.O.  ^  *  :    .  ' 

b.  Adjust  the  AC-3  discriminator  until  the  meter' reads  50  cpm 

or  until  the  nut  is  turned-^ull- clockwise,  whichever  occurs  first.  Replace 
tlxc  capnut. 

c.  Remove  the  protective  cover  and- check  for  light  leaks. 

d«    Place  the  alpha  probe  on  the  lowest  emission  rate  source  and 
adj'ust  the  XI .0  calibration  potentiometer  until  the'  average  meter  reading 
matches  the  cpm  of  the  standard  source.  ~  ,  * 

e.    Rotate  the  probe '180*  and  observe  the  reading.    Adjust  the 
XI .0  calibration  pot  until  the  average  of  the  two  readings  equals  the 
standard  source  cpm.    The  two  readings  should  not  deviate  froiia  the  standard 
source  cpm  by  more  than  lOZ. 

f •    Repeat  steps  d  and  e  for  the  X10»  XlOO  and  XIK'  scales  using 
the  corresponding  alpha  sources  and  calibration  potentiometers. 

-^g.    Recheck  the  discriminator  adjustment  (para  b,  above).  Reset 
'discriminator,  if  necessary. 

''h.    Recheck  calibration  on  each  range. 

I.    Turn  Instrument  off.    Allow  15  seconds  for  high  voltage 
power  supply  to  discharge.    Remove  shielded  cable  and  replace  instrument 
In  case.    ,  , 
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'DF320,  COMPUTATIONAL  PROCEDURES  IN  PHYSICAL  SCIENCES 

I.  Reference:    None  ' 

/  II.  Lesson  Plan  Outline:  None 

III •  Handouts :  None 

IV.  Problems:    Class  and  Home  Study  Problems/ 
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What  is  the  dose  rate  5  meters  away  fron  a  500  Ci  source 
Cobalt-60?     (Disregard  bremsstrahlung) 


> 
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2.     What  is  the  source  strength  due  to  the  ^aiana  radi.ation  from  100 
Ci  of  bromine-82?    If  lead,  were  used  for  shielding,,  what  source 
.fj.  .      strength  would  be  due  to  the  beta. radiation? 


'1 


'If-  ■ 


^   -  •  425 

•  - 

er|c  .  "         "  ' 


What  thickness  of  lead  is  required  to  completely  shield  the  particu- 
late .radiation  and  reduce  the  dose  rate  to  10  mrad/hr  at  1  meter  from 
a,  1  Ci  source  of  Arsenic-74? 
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A  certain  scaler  has  a  resolving  time  of  5  x  lO"'^  minute s/count# 
a..^  What  is  the  maximum  measurable  observed  counting  rate? 


b.     This  scaler  registers  an  observea  counting  rate  of  5000  dpm< 
What  is  the  true  counting  rate? 
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Given  the  concentrationsv  in  air  of  .  , 

1.5  X  Ip^*^  nCi/ml        soluble    .  -  . 
1.5  X  10*''^  [xCi/mL  soluble 
1.2  X  10     nCi/ml      '  soluble 
Does  this  area  exceed  the  limitations  for  a  restricted  area? 


7k 

Ca  ,  =    '  Ar 
Cb  Br 
Cc    =  ^^3, 
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During  the  monitoring  of  an  area  the  following  readings  were  obtained 
with  the  radiac  instiiument  indicated.  What  are  the  respective  levels 
of  alpha  contamination? 


a. 
b. 
'c. 
d. 
e. 
f. 


Instrttment 

IM-170 

IM-170- 

iM-170  - 

IM-170  . 

IM-170 

IM-170 


Type  of  Surface 
Wood  floor 
Cinder  block  wall 
Marble  workbench 
Gravel  roadway 
7ile  floor 
Concrete  walkway 


Meter  Reading 
600',  060  cpm 
120,000  cpm 
2,000,000  cpm 
•  680,000  cpm 
1,600,000  cpm 
700,000  cpm 


4^9  ■; 
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A  sample  of  10  \iCi  activity  gives  an  observed  coiintlng  rate  of 
30,000  cpm  in  a  scBlet.    The  resolving  time  of  tl;e  GM  tube  detect 
used  is  30  U  sec/cQunt. 

a»     What  is  the'  counting  efficiency  of  the  sdbler? 


b.     What  is  the  actual  counting  rate  of  the  scaler? 
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It  it  required  td  completely  »hield  the  particulate  radiation  and  reduce 
the  dose  rate  to  10  mrad/hr  at  1  meter  frorri  a  100  Ci  source  of  ' 
beryllium- 10.    How  much  lead  would  be  required  for  shielding? 
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9.      a.     What  thickness  of  ber/lliuai  would  be  required  to  stop  the  beta 
particles  from  a  100  curie  source  of  9l6r  In  .equilibrium  with 
its  daughter  product  ^ly?    (Assu-ne  100  CI  of  9Isr  and  100  Ci 
of  9lY0 


I 


What  bremsstrahlung  dose  rate  vould  result  at  30  cm  from 
the  so>irce? 


k 
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What  is  the  total  un^ielded  dose  rate  30  cm  from  the  source? 


What  thickness  of  lead  shield  would  be  required  in  addition  'to  s 
2  cm  iron  shield  to- reduce  the  dose  rate  30  cm  from  the  sour?e 
to  10  mrad/hr?    (Assane  that  the»shie5.ds  ar^  after  th^  "0.723  cm 
of  lead  required  to» stop  the  beta j)article.)  i 


J  '  ■    -  .  •  4-34 
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10.     For  determining  source  strength  to  include  the  effect  of  shielding, 

what  energies  and  percentages  should  be  considered  for  an  equilibrium 
(1:1)  mixture  of  bromlne'-80m  and  bromine-80? 
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11.  You      Radiological  Safety  Officer  have  been  asked  to  check  a  package 
for"  shipment  of  1  CI  of  184^^,  which  has  a  source  strength  of  0*509 

rhm.   To  ship  this  package,  the  reading  at  the  surface  of  the  package 
must  not  exceed  200  mrad/hr  and  at  1  meter  from  the  surface  must 
not  exceed  10  mrad/hr.  ,How  much  lead  would  be  required  to  ship  this 
package  If  the  package  Is  I  meter  to  a  side?    -  ^< 
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12.     A  10  rhm  »ource  of  b«rlu»-133  1»  kept  in  a  storage  room  4  feet 
may  from  the  inner  vail  of  the  rocm.    The  valla  are  12  Inches 
thick  of  concrete.   What  is  the  maxlimM  dose  rate  to  vhich  an  Indl^ 
Tidvial  outside  the  room  may  be  exposed  due  to  this  sc^urce  alone? 
(Neglect  doae  rata  hullSupr) 


1 
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V*  Solutions. 


i 


1.  Data  on  ^^Co  (page  389,  Pam  25).  '  ' 
^          .  7|  energy  '=  '2.5057  Mev  (9^5&)  total 

S     =  j  0.56  nCE 

=  }  0.56  x.1.0  X  500  Ci  X  2.509  Mev 
=    702  rhm 
=  S/d^ 

=  ,702  rhm/(5m)^ 

=    70225  ^  •  * 

=    28.1  rad/hr 

Op 

2.  Data  on     Br  (Scheme  in  problem) 

energy  -  olkkk  M^y  (100^)        '  , 
7  energy    -  2. 6^83 Mev  total 
7  alone  ^ 

•S    =.  0^56  nCE     •  '  , 

'    =,  0.56  X  1.0^,100  Ci  X  2.6U82Mev 
lil8  rhm        .  '  ^ 

p""  al6ne 

-U         2  • 
S    =  -1.85  X  10  nCZE*^ 

j  v  ,  , 

=    1.8^  X  10~    X  1.0  X  100  Ci  X-B2  X  (oMk  Mev) 
r  =    0.299  rhm  ,  .'• 


er|c 
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Data  on  As- 


energies  -  32^ 

0.72  Mev  lk% 


$    energies  -  29*  5^^ 


1.51  Mev 
0.91  Mev  * 
7  ener^KS  - 

.0.635  Mev 
0.596  Mev 
Maximum  beta  energy 


680  mg/cm^ 


Pp^  =  11.35  gm/cm"' 
X       =  •  R/p  • 


26^ 

61^ 
1.51  Mev. 


=  '11350  mg/cm- 


=    686.fng/cm^/ll350  mg/cm^ 
=    0.0599  cm  -  max  3  range  '  =    O.O6  cm 
Find  individual  source  strengths.      ^  ^ 
3    and  3  •  bremsstrahlung  - 

.  =  1.85  X  10'^  ncza^  • 

brem 


"2  . 


V 


1.85  X  10'    X  0.18  x^l  Ci  X  82  X  (l.35> 
1,85  X  10"^  X  O.lU  x^  1  Ci  x>  82  X  (0.69)^ 
=    1.85  X  10"    X  0.035  X  1  Ci  X  82  X  (1.5^) 
5^    =    1.85- X  ;o"^x  0.26x1  Cix  82  x(of^l)^. 

brem 


O.OOU98-  rhin' 
0.00101  rhm' 
rO. 00121  rhm 
0.0.6327*  rhm 
0.010^7  = ' 
O.piO^  rhm^ 


3  einnihilatibn 


Kr^n    =    °'572  nC 
ann 

S  =  0.572  X  0.295  X  1  Ci 
ann 


=    0.1687  rhm    =    0.169  rhm 


7  energies 


S     =  '  0.56  nCE 
7 


^1    ^    ^'5^  x'o.lif  X  l.Ci  X  0.635  Mev  '  =    O.Oif98  rhm 

'=    0.2036  rftm 
=    0.253^  rhm 


=    0.56  ^  0.61  X  1  Ci  X  0.596  Mev  •=    O.2036  rftm 


7total 


0.253*  rhm 


S  =    S  +    S         +  '  S 

total  brem  ann  7total 

=    0.0105    +    0.169    +  -/253 

=    0.if325  rhm  -      k^Z  mrhm 

=    s/d^    =    U33  mrhm/Olm)^'  ' 

=    ^33  mrad/hr 


=    0.635  Mev- 

Tmax 


E  ' 
ann 


O.5II'  Mev 


Ep^/2    =    1.51  Mev/2    =    0.755  Mev 

Use  0.755  I^v  to  calculate  Xj^. 

^2  ^       '  - 

fi/p    =    0.0967  cm  /gm        •  ' 

p       =  '11.35  gm/cm^  "  .     .  » 

n    =    {n/p)(p)    =  =  0,0^)67  cm^gm'x  11.35  gm/cni^ 


1.098  cm 


-1 
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Xi    =  0.693/u   =  0.693/l.;398  cm"-'- 

« 

=    0.631  cm 
2^    =    R^R    =    h33  mrad/hr/lO  mrad/hr 
■  .        ■  =  >3.3 

n    *  =    5.5  (2^  Table) 

X     =    nXi,'  =    5.5  X  0.631  cm 

2 

=   3*^7  cm 
'      Wl   =   3.i^7    -   0.06  . 

=    3. 55  cm  lead 

r 

U.      a.      R     =  1/t 

'=    1/5  X  10^^  min/count 
^  =    20,000  cpm 

'  r: 


1  -  R  T 

o 


5000  cpm 


1,-  5000  cpm  X  5  x*10  ^  min/count 


•    .        '  "       0.75-  _    ■  •  , 

,4  '•  667O'  eptn  ■  .  ,         ■  .  • 

■5.    .  Ca/fffck  -+;•  Cb/lyiPCb'    -^^  '  Cc'/MPCc  <1 

.  i;5  x  io'Vs     10":''' 1.5  X.  10"Vl  x'io"^-   •+    1.2  X  ip"^/3  X  lO"^ 
■  ^         0.5,  •^/0.15   +  o.ii  .=  ri.05'    '  ' 

1.05  >  i.'  .    •  * '  ■       ■  , 

.  .      .  / 

«       •         Area  is'  above  restriction  '^  no  one  can  enter.  ^  -  ,j  ' .  . 

■  ,,4.4}    ,'     ■.•  '.  ,  /   •  ■ 

"  <»■  ,■    ■  -462.'' 
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'  239rv 


CF 


=  R(CF) 


■     2  - 
m 


a. 

2I4O  ■ 

600,006 

2500 

b. 

1 

'200  ' 

•  120,000 

600 

c. 

'  1 

i+00 

2,000,000 

5000 

,1 
170 

680,000 

llOOO 

• 

e. 

1 

koo       . • 

■  1,600,000 

'Uooo 

f  r 

1 

200 

« 

700,0(X)v  -  ' 
> 

3560 

A  gravel  rca'^dw^y  is  a  verjr  porous  svirface.  ^Of]|  the  values,  given, 
this  is  thp  ^I&sest  you  can'come.    The  value  yoii  obtain  by  use  of 

prpr  is  probabSy^  low  for  this  type  of  .Surface  and  in  an  actual  situa 

"    I     '        .  •  ,  1       '  1 

tion  you  may  want  to  use  an  estimated  CF  of  s^ay  ^qq       even  — .  ^ 
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a.  '    10  uCi    =  '3.7  (10)^  dps 

=    2.22  .(10)'^  dpm 

g^j^        _    observed  coimting  rate 

actiial  disintegration  rate 

30,000  com 
2.22  (10)'  dpm 

=    1,35  (iO)""^  or  0.135^ 

b.  Present  actual  counting  rate 

R 


^     (r=    30x10-6-1^^^   =    5,io-7  2iS_) 


1  -  R  T       '         J    ^  ^^^^     60  sec         ^  ^  count 

o 


3  (10  A 


1  -  3(10)    X  5  (lO)""^.  . 

_    3(10)''  ■ 
1.-0.015 
1+ 


3(10) 
0.985 


=   3-05  X  10   cpm     ^  ' 

10  '      *     •  ' 

•8.      Data  on     Be    (from  giVen  scheme  ai^d  lata)  '     ,  L  ' 

'    3'  energy    =  .O.555  Mev  (lOO^)  .  * 

No  7  ' 

\  Daughter  ("^^B)  is  stable.  p  ' 

Lead  shield  -  *  ♦  *  *  . 


R    =  ,180  mg/cm 


0    =    11.35    gm/cm^    =    11350  mg/r<-^ 


cm 


^erJc 


X    =    R/p    =    180  mg/cm  /11350  mg/c;n^ 
=  •  0.0159  cm        '      '  ^ 


S  =    1.85  X  lO"'^  nCZE^    =    1.85  X  10"^  X  100  Ci' : 

brem   '  p  • 

(0.555)     =    OMl  rhm    ="  1+67  mrhm 


=    S/d^    =    1+67  inrhm/(lm)^ 

 ^    =   U67  mrad/hr 

^3max^^    =    0.555  Mev/2    =    0.278  Mev'  * 
n/p    =    0.533  cnif/gin  ■ 

=  •(n/p)(0)    ='   0.533  cm^/gm  X  11.35  gm/ 


'  ,         •  =    6.05  cra'"'^ 

Xi    =    0'.693^    =    0.693/6.05  cm.""""  "y:^ 

= ;  0.115  cm    ^       ■    •  .  "■  •  ■ 

2"    =    R  /R    =  .  ^67  mrad/hr'/lO  ftrad/hr- 

n      =    5.6  (2^^T-able) 

X    =i.  nXj^'  =    5.6  X  0.115  cm    =    O.Shh  cm 
2  '  . 

X  =    O.Shk    +   0^0159   =    0.6599  cm    =   0.66  cm 

total  *  ^  •  * 

91  '  ' 

B^t^"  energies  and  ^'s  for  ^  Sr : 

^2.67  Mev  (27'i^)  •  -  '  ' 

2.03  Mev  (H)  .  ■ . 

1.36  Mev  ($9^)"  '  - 

1.09  Mev  (33'3^)  ,  ■ 

0.62  Mev  (7^)    ,  '  0 

■  V  91  . 

Beta  energies  for    .  Y: 

I.5I+5  Mev  (~  lOOfo^-^.v..  '  - 

Beta  energy  (max)    =  ',  2.67  Mev 
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R    =    1300  mgm/cm^ 

P  =  1.8  gm/cm^  X  1000  mgm/gm'  =  1800^ mgm/cm^ 
X    =    R/p    =    1300/1800    =    0.723  cm 

=    1.85  X  ID  nCZE 

=    (1.85  X  10"'^')(100  Ci)(lt)  nE^ 

=    7.k  X  10"^  nE^ 

=  (7.1+  X  l(>"^)(0.27)(2.-67)^  =  O.II12U  rhm 
S^'  =    il.k  X  10'^) (0. Ok) (2.03 f    =    0.0122  rhm 

=  (7.U  X  10"^)(0.N?9)(i;36/  =  0.0397  rhm 
Sj^    =    (7.U  X  10"^)(0.33)(1.09)^    =    0.0290  rhm 

=    (7.1+  X  10"^) (0.07) (0.62/    -    0.0020  rhm 

=    (7.1+  X  10"^)(1.0)(1. 51+5)^  .=    0. 1769  rim 

Gamma  e'nerg:^^s"^d  %''s  for  ^"^Sr; 
2.G6  Mev 
1.58  Mev  (33^) 
l.?99  Mev  (29fo) 
0.61+5  Mev  (hi) 

91 

N''  significant  y  e'nev-gy  for  Y. 
S    =    0.56  nCE 

=    (0.56) (100  Ci)  nE 

=    56  nE 
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=    (56) (0^07) (2. 06)'   =     8.08  rhm 

=    (56)(0.33)<1.58)    =  29.2  rhm- 

S,    =    (56)(0.29)(1.299)  =  21.1  rbm 

=    (56)(O.Ot^)(0.6U5)  =  J^rhm        ^        '  ,. 

^  =■  59.83  rhm  ^ 

R  S     ^    59:83     =   665  rai/hr 

I      i  (0,3)^ 

R  =    R    +   IL-      .=   665«+   1^.1*7    =   669.^7  Tad/h 

total  7        Drem  rad/hr 


/2    =   ^    =    1.335' Mev 

pmax'  2 

E     '     =    2.06    =    0.61^5    =    1-^15  Mev 

Tmax 

.*.  use-,E^„^  .for  n/p  value. 

First  find  the  effect  of  ^  cm       iron  on  the  dose  rate, 

2      '  '  /  3 

jx/p    =  '0.507  cm  /gm;    p    =    7.86  gm/cm  . 

^l   =    n  X  p    =    (0.0507) (7. 86)    =   0.398  cm'-"- 


/.  •  V  0.693  _  0.693  _  1  7I1  cm 
(iron)    =  — — T    -    o  ^Qft  ~ 


Xi  (iron)    =  — ^    =    07395  ^ 
n  ■=    X/Xi    =    2  cm/1.7^  cm    =  1.15 


2"  .  =  2.^15 


=    !o    ^    669  rad/hr        311  rad/hi 
,  '2.15 


R 

2^ 

Now  for  lead  -  '  -  '  ,  ^ 

R     •  ^   311  rad/hr;    R.  =  •  10  ihrad/hr 

Ii/p    =    0.0558  cm^/gsii;_  P  =    11.35  gm/cm- 

sx    =    (0.0558)(11.35)    ='  0.633  cm"-^ 

.    .  446 
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2        =     TT^'  = 


n 

.  X 


b  .  _  311 


0,01 


=  31100 


=  15.0 


nXi         (15.0) (1,09  cm)-   =,  l6.l|-  cm' 


10.      Refer  to  decay  scheme ^and  data  given. 

For       Br : 

7  energy     0.086  'Mev  (lOO^) 
.  *  •  No  particulate  energy 

For  80Br:    '  ^         '  '  ^ 

•    p"  ener^  -  1.99  Mev  (85^) 
'    1.38  Mev  ieio) 
.  7  energy    -  O.618  Mev  (6^) 
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11. .    Find  R.  at  the  Surface;  ' 

S    -    0,509  rhm  .  ^' 

d    =    0.5  m 

.      Ro  =   §K   =    0.^0?  rhffl  •  ^    2.036  rk/hr   =    2036  mrad/hr 
.d"      '(0.5.  m)^ 

R*  =    290  mrad/hr 

ji/p  for  0.905  Mev  gamiiia  in  lead   =    O.OT97  cm^/gm 
H   =    n/pxp'=    o;079T  X  .11.35   =    0.905  cm'^ 


^    0^   ■     0,622   =    0.766  cm     ^  • 


0.905  cm-1 


^   =    2036  mrad/hr   _  ^g.^S 
•  '    200  ■fflr'ad/hr 


n  = 


l,k    (2"  TaMe)' 


X'   =    nXi    =    (3'.M (0.766  cm)    =    2.6  cm 

-2    .  .  . 

"Find  R  at  One  Meter  from  Surface;  .  . 

■  7  ■  -         '  '  •       '  ' 

r'  -•^'=  0>^09  rhm  ^  0.309  =  0.226  rad/hr  =  ■  ^  mrad/hr 
^  ^  (1.5  m)  -        .  ^ 

R  r  ;=    10  mrad/hr  ^  \ 

Xi    «    0.766  cjn    (Same'  as  above) 

n        226  mrad/hr.  •      ^  /r 

=    •  10  miad/hr    =    22.6  .  . 


n '  .= 


h.5    (2^  Tahle) 


X     ='iiXi   «    (U.5)(0.766  cm)    =    B^'^^  cm 
*  2  —  ■ 


^To  meet  all  requirements  3.ti5  om  of  lead  must  -he  used  on  a  side. 
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12. 


Biat'a  on 

^33Ba.  (Page  30^^,  Pan  25)    .   '■  . 
Max  7.  energy   «   0.382  Mev 

*  •  « 

Find  n/p    (Page  139,  Pan  25) 

Wp  for  0.382  Mer  «  O.O^Bh  caF/ea 

p    «   2.25  ga/ca^    (Psyge  66,  Pm  25) 

H  =    \i/p  X  p   «  -  (0.0981f)(2.25)    »-  0.221  cm' 


0^62  .  0^ 


0.221  ca 


-1 


=   3. 1'*  cm 


S 
d 


n 


10  rhm 

(U  ft  +  1  ft)  X  '0,30W  m/ft   «  1-.52  m 


R     «  4' 


10  rhm 
(X.52  m)^ 


rad/hr   «  1*330 


830    (2^  Table) 


830^ 


5,23  acrad/hr 
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DF340.  LEAKAGE  TEST 


Discussion* 


Reference:  None 


Leak  Testing.  . 


General. 


Currently  the  Atomic  Energy  Cftomission  requires  jperiodic 
' '     "  testing  of  sealed  sources.    This  requirement  ig  further 
implemented  by  Department  of  the  Army  within  its  Juris- 
•    diction.    In  addition, to  t^iese  legal  requirements  for 
feak  testing,  the  user  has  a  moral  obligation  to  these 
employees  to  protect  them  by  periodic  tests.    The  semi- 
annual  test  is  a  minimum  requirement.    Many  agencies 
recomeni  leak  testing  each  time  a  source  is  used. 

2.     Methods  of  Leak  Testing.* 

L-ak  testing  is  divided  into  four  general  methods  -  immer- 
sion, cocoon,  smear,  ani  swipe.  The  latter  two  methods  may 
be  ased  as  methods  of  surveying  for  removable  surface  con-* 
taraination.  v  In  the  conduct  of  all  test's,  personnel  must  be 
'constantly  aware  of  the  techniques  of  safe  handling  and  , 
limit  exposure  by  considering  distance,  shieldirtg,^^^ime  ani 
quantity. 


Immersion.    Thfe  immers^ion  method -is  one  method  for  leak 
teitini "although)  generally  impractical.    It  is  the  most 
difficult;  time-consuming  and  requires  .a  greater  expo- 
s^ire  of -personiel  than,  other  techniques.  Imme^ion 
consists  of  placing  the  source  .in  a  container  df^water 
v/hich  is  held  just  below  the  boiling-point  for  30 
minutes.    The  appearance  of  bubbles  emanating  from  the 
source  indicates  that  the  soarca  has  a  leak.    The  ab- 
sence of  bubbles  does  not  indicate  that  the  source  is 
'  not  leaking?   After  the  source  has  been  in  the  hot  water 
*    ItJf'SSlmnutes,*  it  is  reitioved  and  a  saLmiile  of  known  , 
volane  of  the  water  is  taken,  dried,  and  the  residue  is 
counted  on  an  appropriate  device.    If  contamination  is 
present,  it  is  presumed  to  have  come  from  the  source. 
The  quantity  of  contamination  removed  from  the  source 
during  the  testing  procedures  is  det^nined  considering 
the  efficiency  of  the  counting  systenj,  the  sample' volume, 
ani  the  total  volunie  of  water  \xse\j^  the  test. 
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This  test  cannot.be  used  on-sources  which  are  mounted 
in  Targe  assemblies, -nor  on  sources  having  container 

,    material  which  will  bei  adversely  affected  by  the  high 

*    temperatures  and  water. 

:  One  variation  of  the  immersion  test  is  the  sc^b  test 
in  which  the  samples  are  placed  in  a  known  volume  of 
detergent  solution,  scrubbed  with  this'  solution,  and 
a  known  volume  of  the  solution  is  removed,  dried  and' 
countfed,  , 

Cocoon.    The  cocoon  test  is  applicable  only  to  radium 
sources  or  other  sources  frdm  wHich  a  gaseous  radio- 
active material  may  leak.    In  this  tdst  the  soiwce 
is  completely  surrounded  by' ^  wad'of  cottdn  (or 
cocoon).    This  cocoon  is  placed  inside  an  envelope 
or  other  container  and  kept  for  24  hours.    At  the  ' 
end  of  24  hours  tTie  source  is  removed  from  the 
cOcoon  and  the  cocoon  counted  in  an  appropriate 
instrument.    The  quantity  of  contamination  which 
leaked  from  the  source  is  calculated  considering 
the  instr.ument  efficiency^  •     ^  % 

A  variation  of  the  cococJn  test  is  one  wh^ich  is  used  by  ' 
the  Public  Health  Service.    They  refeB  to 'this  test  as 
the  jar  lid  test.     It  essentially  allows  for  the  decay 
of  radon  into  heavy  metal  dajaghter  products  and  the- 
plating  out"  of  radon  on  a  metal  surface  J^the  Jar  lid). 

The  way  tHe  jar  lid  test  operate^  is  to,  first,  get  a 
small  widemouth  jar.    The  smaller  the  jar,  in  comparison 
to  the  lid  surface,  the  better.    The  radium  source  is 
placed  in  the  jar  and  the  IM  is  placed  on  the  jar.  The 
jar  IS  allowed  ,to  stand  in  this  sealed  position  for  a  ' 
2it-hour  pe]*Lbd.    A  modification  is  to  pack  the  Jar  lid 
with  cotton  or  some  other  Suitable  absorbent  material 
prior  to  sealing  the  jar.    At  the  end  of  the  2lt-hour' 
pei^iod,  the^jar  is  opeteffrknd.  an  immediate 'count  is  made 
'on  the  jar  lid  with  an  alpha  instrument .     If  tfottoh  was 
used  to  pacltthe  jar  lid,  then  this  cotton  is  treated  in 
the  same  maiiner  as  the  cocoon  described  before.  .  If  a 
reading  i$  dbtained.  on  the  'instrument  due  to  contamination 
on  the  jar- lid,  this  constitutes  evid&nce  of    a  leaking 
source.    This  r.eMing  of  the  jar  lid  is%®nly.a  qualita-  • 
tive  determiiiation  of  leakage. 
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Sm&.ar.    The  smear  test  is  the  most  universally  appli- 
cabie  techniaue  of  leak  testing  and  is  the  best- over-- 
all  method  of  leak  testing.    It  is  also  a  method  of _ 
testing  an  area  f or 'removeble  contamination.    In  this 
technique  100  squgire  centimeters  of  the -exteripr 
of  the  source  or  the  area  are  wiped.    Some  materials  that 
may  be  used  for  the  viDing  procedure  (knoi?n  as  wipes) 
are  pieces  of  pa»er  toweling ,  filt^  paper,  cloth,.  . 
itun  catches,  cotton,  cotton  swabs,  tape  (adhesive  5ide  to 
surface  under  test)  or  commercially  prepared  wipes  ihe 
wipe  is  generally  abo.ut  2- inches  (5.  cm)  across.  They 
may  be  square'or  round.    The  wipes  may  be  wet  or  dry  de- 
pending on  the  circumstgpces.    The' test  is  performed  by 
placing  ihe  wiping  material  on  the  surface,  placing  the, 
fingertips  on  the  wiping  material  and  rjxbbing  the  mate- 
rial ovet  the  area  ^eing  Jested.    Rubber- or  prdtectiv"^ 
gloves  should  be  worrt-if  the  contamination  potenti'al  is 
high.    If  it  is  not  desirable  to  come  -in  close  contact 
with' the  surface  the  w'ipe  may  "be  held-  in  tongs  or  plierS. 
After  smearing  the.  100  square  centimeters  the  wipe  is  • 
placed  in  an  appropriatje'  instrument  and  the  removable 
contamination^  detekined.    If  a  wet  wipe  i-s  used,  it  , 
must  be  dried  before  counting.    -  "  ' 

Swipe.    The  swipe -test  io  performed  exactly  like  the 
iiiS?  test  except  an- unspecified  area  is  wiped;  It 
is  strictly  a  qualitative- test.  -  Some  variatiojjs.  of  ^  ^ 
the  swipe  test,, are:  ^ 

k    -  .  -i  ■ 

(ly    Linfe  the  inside  of  a  container  used  to  stfire  ? 

source  with  blotter  "or  filter  paper  so  that  vhe     .  • 
source  fits  snugly. -  Prior  to  use  remove  the  ^ 
s-ource,  remove  the  paper,  replace  the  source 
and  count  the  paper  o.n  an  appropriate  instrument^. 

(2)    Place  a  piece  of  .adhesive  material  in- contact 

.  with  the' surface  =of' a  source  and  allow  it  to     •  ' 
■    remain  for  a  period  of  time/*  Remove  it  -and 
count  the- material  in  an  ,app"ropriate  counter. 
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II.    Lesson  Objeotives  and, Notes. 
*A.  Objectives 


1.      In  rjensral  terms^  define  sealed  sources  and  leakage  and  give* 
the  purposes  for  leak  testing.         •  > 

^      2.      In  general  term^/ d-scribe  the'  following  types  of  leakage  test: 

a.  Inuner^io*.!  ^ 

b.  *    Cocoon  ' 

*       *  *  . 

c.  Smear 

,d.  Swipe  ^or  ^y/ip^.  ^ 
*  #    *  * 

3.      Give  the  acceptable  contamination  levels  for  alpha,  beta,  and 
gajnma  emitters  when  removed  by  a  leakage  test>  -  , 

.  Explain  environmental  test  which  can  be  performed. 

5.      Explain  personnel  monitoring  test  that  can  be  performed. 
B.#  ?Jotes: 


III.  Laboratory -Exercise  a.id/o^  Hanioati'    None        •  ^ 
V.  Solutions  to  Problems':    Non^       '  " 

.  .  •■■•454 ., 
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MICROCORIES  OF  COITIAKCNATION 
VS 

GM  READING 
(values  are ^approximate)  ' 


X.OOO  „- 


5  INSTRU(?7I0NS: 


USE  CALIERATSD  AN/PDR  ?7J  RADIAC  SET 
KEEP- BETA  WIMDCW- OPEN 

PCSITIOH  OPElf      ^'OjnXW  AS  CL3SE  TO  SURFACE  AS  PeSSIJIB. 
DETERMIHE  B5TA-GA>KA  READXHG  IN  KR/HR    *  > 
DETERMINE  BACKGROUND  READING  WITH  BETTA  WINDOW  OPEN 
AND  SUBIRACT  FROM  STEP  h 

USDfG  CORRECTED  BETA-GAWA  READING  IN  MR/HR, 
USE  THIS  GRAPH  TO  DETEPMniE  SURFACE^ 
CCOTAMINATION  XN  MICROCURIES 


iiiiiBBaii 
iHiiMir 
liifiiiri 
iiiiiir«i 


I     r  4  i  •  7  •  •« 


KR/HR 
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DF350,  CONTROL^-AND  REPpRTING  OF  RADIOACTIVE  MATERIAL  ^ 

/  . 

1.     General  '  '        .  ^       .     '    v  , 

a.     Need  for  licensing  * 


b.     Method  oi  licensing 


c.     Administrative  control  • 
^    •      *  *  ' 

.  •  \  d-     Purpose  of  AR  725-1 

« 

e',-  . -Supplementation  of  AR 

,  •  ^-  *  DefiniW^s     '      •  - 
^  '^"'^ 

*  •  '    a».  •Cjonttolled  item  -  * 


b.     Individually  controlled  ^tem* 


458^ 


^^^^^ 


Vu-Graph  jnaterial  used  in  DF  350.  U 
.  *  U     General. .  ^ 


t 


a.     To  avoid  the  necessity  of  licensing  jeach  activity  that  possesses  f 
or  ua-e^  Ucensable  Items,  the  USNRC  has  issued  licenses  and  authorized 
the  Department  of  the  Army  to  control  these  sources.    Lexington  Blue  Grass 
Arrhy  Depot  Has  the  license  for  the  9Qsr  -  9Q^f-/oM^ceB  used  in  the  TS  - 
784{)/PP  Radlac  Calibration.    For  its  replacement,  the  AN/UDM-'2  Radlac 
Calibrator;  the  license  will  be  obtained  through  ECOM  (AUTOVON  992-3493 
or  3496)  AMSEC-SF^  Fort  Monmouth,  NJ.    The  National  'Inventory  Control 
Point  {NICP)  -for  this  item  will  also  be  .at  Fort  Monmouth,  ATTN:  AMSEL- 
MM-S-CS-IA.    The  remainder  of  the  NRC  licenses  are  held  at  APG-EA  for 
radioactive  material  for  items  used 'for  issue.    Control  of  these  items  is 
maintained  at  Armament  Comm^ind,  Rocjk  Island  Arsenal,  ATTN:  AMSAR- 
MMN-C,  Rock  Island,  IL  61201.    The  Chief  of  CB  Equipment  Sectipn  handles 
all  of  these  items  (AUTOVON  793-4285  or  5757)1- 


b.     Lasting  of  Vu-Graphs . 


(1)  Cont^olled-item.    This  term  applies  to  all  items ;o'f  supply  listed 
in  appendix  A,^  AR  725-^1,  and  appendix  C,  Major  Command. Supplemental 
Regulation  700-36.    The  itenj^  that  are  not  listed  as  indiy^dually  controlled 
items  are  controlled  to  the  e:^tent  that  all  are  noniB;4^en<Jal>le,  'and  that  final 
disposition  must  be  through  the  Army  radioactive  disposal  facility. 

(2)  Individually  controlled  item.    An  item  which  must  be'  controlled 
to  the  Extent  that  its  integrity  and  location  are^known  by  the  licensee  or  his 
designated  agents  (control  points)  fror.i  its  inception  into  the  supply  system 
until  its*disposal  in  an  authori,zed  waste  disposal  facility. 

(3)  NRC  license.    A  docurpent  issued  by  the  US.  Nuclear  Regulatory 
Commission  (NRC J" pursuant  to  authojrity  of  the  Atomic  Energy  Act  of  1954 
(68  STAT  919),  42  US  Code  2011  et  seq.  ,  which  confers  the  right  to  procure, 
receive,  store,  transfer,  use.,  export,  and  import  specified  radioactive  litems 
under  stipulated  conditions/  '  -  ^ 

.  /  . 

(4)  Local  RPO«    An  officer,  enlisted  person,  or  DA  civilian  employee 
appointed  by  the  local  installation  or  activity  commander  to  supervise  the 
rzb^iation  protection  program  for  his  command.    As  a  minimum,  his  training 
a;id  exp^ience  must  meet  the^ridiation  protection  requiijements  in  ^he  supply 
and  technical  bulletins  and  manuals  pertinent  to  the  types  of  sources  used^or 
stored  at  the;  installation  or  activity.         ^    ^  »  \^ 
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(5)  Primary  'supply  agency.  US  Army  Armarment  Commandite 
kock  Island  Arsenal,  Rock?  Islcin^,  ^IL,  will  be  the  primary  supply  agenCy 
for  cohtrolled  items  listed  in  AR  725-1.  -^t*^* 

(6)  Radioactive  material  control  pointy.    An  element  which  l>as  been 
designated  by  a  major  commander  to  maintain  administrative*  control  of  items 
within  his  command.    Radioactive  material  control  points  will  be  established 
by  all  major  CONUS  commands  and  all  oversea  coiiunjands.  ^ 

(7)  Radioactive  control  officer.    An  officer,  enlisted  person,  or 
DA  civilian  employee  appointed  by  each  major  command  to 'supervise  the 
radiation  protection  program  for  the  command.    The  qualifications  of  a* 
radiological  controrofficer  should  be  superior  tp  those  of  fhe  local 
radiological  protection  officer  for  the  sources  listed  in  ^R  725-1.  He 
shoulxi  have  a  scientific  or  engineering  background  and  will  have  successfully 
completed  one  of  the  following:  . 

(a)    Radiological  Safety  Course  given  at  APG-EA,  or 

'\ 

,      (b).   Basic  Radiological  Health  Course  given  by  US  Public  Health 
Service,  or 

0  ,        ^        '  \ 

(c)    Eighty  hours  of  formal  training  equivalent  to  (1)  or  (2) 
above  covering  the  subjects  listed  below: 

1,.  Principles  and  practices  of  radiation  protection^. 

2^.  Radiological  monitoring  techniques  . 

3.  Radiac  instrumentation  including  operation,  calibration 

and  limitations. 

4.  Mathematics  sufficient  to  perform  calculations  necessctry 
for  the  measurement  of  r^-dioactivity  and  evaluation  of  actual  or  potential 
hazards  to  personnel. 

5.  Applicable  Federal  and  Army  regulations.  •  - 

(8)  NRC  specific  license.  •  . 

(9)  A  specific  license  is  required  to'prodjace,  transfer,  receive;  ^ 
6wn,  pdssess,  use,  and  import  the  quantities  of  byproduct  material  listed 
in  10  CFR'31,  when  used  in  accordance  with  pertinent  regulations  .(10  CFR 
20,  App  C).         .  '     ,  .      ^  * 
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(10)  DA  radioactive  materials  authorization.    DA  authorizations 
are  feq\iired  when  radiop.ctivity  is  1  microcurie  or  greater  and  not  subject 
to'NRC  specific  license;  also  items  irradiated  during  weapons  test  greater 
than  0.4  mrad/hr  at  ^ny  distance. 

(11)  DA  written  permits.    Required  for  Federal  and  non-Federal 
agencies  (e.'g.,,  civilian  contractors)  to  store  and  use  radiation  sources  on  an 
Army  installation.  '  ,  ' 

(12)  APG~EA  and  Dexington  Blue  Grass  Army  Depot. 

*         ^  '      '  '  ■*  .        .  " 

.    *^  (a)    Prepa;:ati6n  pf  license  applications*  renewals,  and 
amendments.  .  , 

.  (b)    Publication  of  implemsfetating  procedures  to  conform  with 
conditions'required  by  ^the  licenses  -  ^ 

■  ■    ■  ^  ■  '  ■'■  .     •  '  ■ 

.  ,       (c)    Publication ^  technical  publications,  * 

j^d)  ^  Nbtifipation  of  higher  comrnandfe'rajid  NRC  in  matters^, 
required  by«Federal  and  Army  regulations.     .    ^     **   i  '  .' 

(e)*  Maintain  records  op  Ip&s,  damage,  leakage,  oy erexposiire, 
inventory,  insp.ectijDns ,  and  RMCO/si  .  ,  - 

'         .  '  ' .     .  ■    ^    '  '  •* 

•  •  (13)    yS  Army  Armament  Command.'  '  ' 

(a)  V Primary  supply  agency.  .    .  ,  ^  ' 

*  .       (b)  -Maintain  records.        *^   -      *     .  '     "  y 

(c)  Assign'serial  numbers**         '      '  * 

■  •     ^,'  '  -  . 

(d)  ^  Coordinate  all  tr^nsffer  'Tesppn'sibility.    '..^  ,        ^  ^     .  v 

(e)  -Coordinate  all  radioactive* source  procuremetit' withM 


APG-EA. 


(14)   ^Function  of  RMCP.   JEacli  principal,  installation^commander  ^ 
will  implement  AR  725-1  and  major ,corhnr)And  supplement  regulation  70,0-633 


<4»'       j[a)  '^Establish  an  RMC!^  for  the' installation  area 


^ 


■  ,  (t>)    Appoint  on*'orde>rs  a  qiialifi-ed  ir^dioactive  protection  officer 

for  the' installation  area.  \    .  \*  \  •  ^  "  * 


(15)    Inktailation  RMCP.  .    *  i   "  ;  ; 

«•  *  *  ".  . 

(a)  Exercise  staff  supervision  Over^^the  radioisotope  -  ' 

inveutofy  and  leak  test  reporting  system-  ^  ; 

(b)  'Pro.vide  coordination  with  and  assistance  to  USAR  ^4  NG. 
activities  within  the  installation  support,  area,  in  preparing  and  suDmittirig"  * 
inventory  and  leak  teat  reparts..'* 

«  ^  •         V  '     \  '  ' 

fc)    Review  and  approve  the  qualifications  oXall  local  radio- 
logical protection  officers  within  the  installation  support  ^rea  and  send 
cQ^ies  of  those  qualifications  to  the  .major -co rhmand  RMCP.  )  ^ 

\     '        ^  '  -  .      '     i"     >         .  - 

(d)    Publish  an  implementing  directive  for  this  regulation  and 
provide  a  copy  to  each  us.er  ats  well  as  information  copy  to  the  major  * 
commanci  RMCP.  '        \  '  ^ 


"  (e)    Prepare  update  punchcards  and  submit  to  the  major 

'command'RMCPG  Radioisotope  Inventory  and  Leak  Test  Report  {RCS 
AMG-192)  covering  each  Calendar  month.    This  report  will/be  prepar.ed  in 
.   accordance  with  instructions  at.  appendix  A  ^nd  dispatched  to  the  command 
"RMCI^  not  later'^than  th'e  third. working  day  following  the  close  of  the  monthly 
/  ,     reporting  peripd.    Reports  indifcating  leaking  sources  or  requests  for  , 
disposition  insirUctions  will  be  stibmitted  to  this  headquarters.  , 

'  •  -      /.  •  *  '         '  •         ,   '  ' 

,    /    (f)     Take  actions  indicated  in  paragraph' 3- b'b'^of  AR  IZS-V 
when  qualified  activity  or  unit  radiological  protection  personnel  are-not  avail- 
/  able.     .  '        ,      .  ^  ^  * 

;       -  '  -   T  (g)   fbirect  the  actions  indicated  by  paragraph  3-6  of  AR  725-1 
,  and 'report  Sy  tel'e^h^ne  to  CDR,  APG-EA,  any  radialtion  overexposure 
alledg^d  to  have  been  received  from  any  Of  the  dbntrol  items  listed  in*" 
table  3-1,  AR  725rl,  followed  by  notification  of  the  major  .command  RMCP. 
The^RCS  (AMC-19il)  MIN  report  will  be  submitted  Ihrough  the  major  command 
for, approval  of  correctjlve  actiop  taken.  '   >  * 

fh)    ^kaintain  records  indicating  the  serial  number  and  radio- 
activity at  time  of  rhanufacture  of  the  individual  jigs  within  each  UDM-6 
*^*Radiac  Calibrator.  1  This,  calibrator  will  be  reported^ using  only  the  set  serial 
nt^mber  > 


1^ 


(i)  .^Miintiin  all  re/:ord^  required  by  paragraphc  3-8 ,  AR  725— Ir 
and  paragraph  17,  A  51  700-52. 

(j)     Exircise^ajJ^roval  authority  for  request  for  transfer  of 
controlled  items  within  the  installation  support  are^t.' 
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(k)    Fujnish  the  major  headquarters  one  copy  of  all  regulations 


and/or  directives  implementing  this  and'related  (e.g.,  AR  700-52  and  755--15) 
regulations,  and  one  copy  of  the  appointing  order  a^nd  summary  of  qualifications 
for  the  installation  RPO. 


(1)    Route  through  the  major  command  headquarters  all 
correspoi^de^^ce  pertaining^to  items  reportable  under  AR  725-1  and 
Supplement  700-63.  '  )  '      '  ^   ■  ' 

. (;16)    Action  if  no  qualified  RPO  is  availabU,    If  *no  qualified  RPO  is 
available  at  unit  iev^l,  the  installation  RPO  will  take  one  of  the  following 
stctions,  *  .  ^  . 

(a)    Suspend  requisition-for  the. ma4:erial,  or 


(b)  Suspend  use  ofi  material.    In  the  interim,  the  CONUS 
Army  RMCO  is  responsible  for  radiation  safety  and  performance  of  leak 
tests'/  or.      ^        "      ,  ,  •  ^ 

(c)  Transfer  the  radioactive  items  to  a  qualified  installation'. 

'  "  (17)    Unit' or  activity  RPO.  '  .  . 

(a)  ,  MTiil  maintain  infoi'pnal  records  of  the  location, 'leak  test 
results,  and  exposure  reports  for  all  radiation  sources  lo.cated  within  their 
^•espective  units  or  activities.  .  ^  ^ 

'    (b)    Will  insur'e  that  all  radioactive  sources  ar^  Used  only  ^y 
qualified  persons  and  tliat  the  installation  KPO  is  advised      any  ^forthcoming 
changes  of  Mnit  RPO.  \  j      '     .  , 

f    i  ^    '  /     '   .  '  '  *  V  ^  *     '  • 

■    .    (c)^  Will  forward  to  tl>e  installation  RMCP  all  inventory  and 
leak  test,  reports  and  requests  'for  transfeT'  bi^disposition  of  sources  in 
accordance  with installaltion  implementing  directives. 

(d)  '  May  routinely  return*sources  to.Army  depots  for  recalibra- 
tion  and.leak  testi'ng  (e.g.  ,  TS  784()  cali^brators)  without  r.equesfs  for  transfer 
or  reports  of  change  9f  unit  or  activity -RPO  provided  that  the  transfer  is  made 
according  td  an  SOP  approved  by  the  installation  Rp6  concerned.  Procedures 

*must  provide  for  shipment  and  handling  in  accordance  with  applicable 
directives  for  the  transport  and  safe  use  of  radioactive  m^aterial. 


(e)  Will  notify  the  installation  RPOof  radiation  protection 
officer  radiation  overexposures  attributed  to  the  sources  reported  in 
accordance  with  AR '725-1  and  Supplement  700-6^  and  promptly  prepare 

^  an  RCS^(AMC-191)  MIN  report  which  will  be  submitted  through  radiological 
control  channels  to  the  CDR  APG-EA.    This  report  will  be  ^ent  to  the  installa- 
tion RPO  within  24  hours  of  the  overexposure  discovery.   Similar  reports  will 
be  submitted  for  damag*ed  sources.  ,  .         .  ^ 

(f)  Notify  installation  RPO  of  abnormalities. 
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■  USE  OF  THIS  REGULATION  OUTSIDE  OF  US-ARMY  TRAINING  AND 
DOCTRINE  COMMAND  IS.  FOR  INSTRUCTIONAL  PURPOSES  ONLY. 
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TRADOC  Regulation 
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Logistics' 
CONTROL  OF  RADIOACTI\te  MATERIAL'' 


Further  limited  supplementation  is  reqliired.  One  copy  of  each 
supplement  will  be  furnished  HQ  TRADOCL  ATTN:  ^TLG-MAT. 
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'•a  radioactive  material  control  point' 


a      This  regulation  establishes   .       _        ^  '  „a 

ai:  Ho'trIdSc  and  prescribes  procedure  for  the  continuous  inventory  and 
teak  te^  reJorJing  of  radiation  so^p.s  (radioactive  calibration  and  . 
iest  items)  Lsted'in  AR-  725-1  and  dpi^endix  C  of  this  regulation. 

,    '  ••'  '  / 

'    b.    It  provides  activities  within"  QONUS  th^t  are  under  the  command 
of  the  Coramander,  TRADOC,  a  means  of  reporting  to' meet  requirements  of 
AR  725-1  that  will  allow- compilation  and,  combined  reporting  to  the  gri- 
mary  supply  agency. 


*This. regulation  'supersedes  TRADOC  Reg  700-63,  -l  Ju*y  1973. 
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XRADOC  ileg  700-63  ^  -  .  2  ^ 

2.     Background;    Th'ere  are  several  thou^an'd  Items  in. the  Army  supply 
system  that  contain  radioactive  rngtexial.    Most  of, these  items,  individ- 
ually, represen^only  a  minor  health  hazard  and  require  very  little 
special  control.    A  few,  listed  in  AR  725-1,  certain  Nuclear  Regulatory 
Commission  (NRC)*controlled  material  procured  on  NRC  licenses  issued 
to  AMC,    The  licerts  es  require  the  sources*  to  be  used  in  accordance  with 
^edera^egulations,  tested  frequently  for  leakage,  and  used  under  the 
contjrol  of  persons  familiar  with  the  rad^tion  hazards  incident  to  their 

■  3.     §co£e./  ^ 

a.  Radiation  source  leak  test  and  iriventory  reporting  procedures 
.described  in  this  regulation  apply  to  all  radiation  sources  listed  in 

J  *  table  3-1,  AR  725-1  &nd  appendix  C  ol'  this  regulation.  ^ 

b.  fvlothing  in  this  regulation  will  be  interpretecf  to  negate  or. 
supersede  any  NRC  or'^^R  700-52  requirement  pertaining  to  the  control^  < 


and  safeguards  of  radioactive  materials, 

^e  objectives  of  this  inventory  and  reporting  system 


4.  Objectives 
are  to-- 


a,     Est^felish  vithin  TRADOC  a  single  reporting  system  that  will 
provi^de  TRADOC  in/taTlations  and  HQ  TRADOC  with  current  information  » ' 
"^^on  location,  leak  test  results,  and  names  of  individuals  resporrsible 
•for.  the  safe  use,  storage  and  disposal  of  the  radioactive  sources 
listed  in  Ar  72.5-1  and  appendix  C  of  this  regulation. 

"      ^^h.     Provide  for  expeditious  controlled*  transfer  of  radiation 
sources  between  TRADOC  installations  to  /ns,ure  that  the  sources  are 
ailways  used  under  the  supervision  of  qu^ified  Radiological  Protec- 
tion Officers  (RPp) .    '  /  ^ 

c.  Facilitat-e  the  expeditious  modification  or  disposition  of 
obsolet'e  sources.,     (Only  DA  approved  modifications  will  be  performed 
on  typ6  classified  sources  (AR  700-52).) 

d.  Provide  for  the  expeditious  issue  of  disposition  instructions 
for,  leaking  or  excess  sources,       .  ^^^^ 

e.  'Provide*  coritrol,  ^n  an  installation  basis,  for  the  expeditious 
transf^V  of  radiation  sources  between  using  activities  and , calibration 

^^nd  mai^ntenance  activities.^  (Transfer  heyopd  the  coitrol  of  Tjli^DOC  n^st 
receive  pirior  approval  from  the  TKADOC  Radiological   :ontrol  Officer.) 
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reportable 


Provide  semiannual  RCS  (AMC-192)^ to  the  AHC  UICP  listing -all 
le  items  in  THADOC,    Provide  installations  w::th  .a*^.  semiannual 
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report  RCS  (AMC-1^2)  in  April  and  October  for  any  corrective  ^actions  re-, 
qtiired.     (appendix- D.)  "  ,         ,  '  -  * 


g.    Provide  special  report's,  ^as  rif^JuirOT,  to  locate  or  otherwise 
identify  sources,  e,^.,  a  printout  from  IRADOC  pUnch  cards  could 
identify  all  reportable  sources  at  a  giveUi installation  in  support  of 
NRC.'"JIG/-'USAEHA/~or'oCKe    radia-tion  safety  inspectiong^r 


5.     Policy,  .  For  inventory •^ind  reporting  purposes  there  will  be  one 
channel  for  reporting  inventories  and  completing  tests  for  radioactive 
leakage  of  calibration  and  test  items  of*  supply  in  use  throughout 
TRJ^^DOC.    the^  channel  will  be  ^s  follows:  i  |  . 

From  the  principal  TRADOC  installation  to  the  HQ  TRADOC  radioactive 
miaterial  control  pcrir.t  to  the  respective  AMC  commodity  command. 


6.  .  Responsibilities.  ^ 

a.  The  Commander,  TRADOC,  will  appoint  on  orders  a  qualified  radio- 
logical control  officer,  who  will-- 

^  ^  •  ■  * 

(1)    Exercise  .staff  supervision  over  the  TRADOC.  radioisotope  inven- 
-tory  .^md^eak  test  reporting,  system^^ 

*  (2)     Provide  coordination  with  and  assistance  to  other  agencies,,  and 
activities  wit^^hin  CO^^JS  in  preparing  and  submitting  inventory  and  leak 
t;^st  reports.,    j  •   *.    .  •  ^ 

(^)    Maintain  a  file  on  curr^ent  inventory  and  leak  te'st  •reports. 

(4)  Prepare  a  consolidated  report  semiannually,  as  of  31  December 
and  30  June,  listing  the  current  data  required  by  chapter  3  of  AR  725-1 
for  e^ch. calibration  and  test  item,  and  submit  it  to  the  AMC  NICP  and^ 
Other  agencies  as  specified  in  AR  725-1. 

«  '  '* 

(5)  Maintain  a  roster  of  the  appointed  installation  RPO  and  approve 
their^  qualifications .  *  * 

^  •  <♦ 

(6)  Send  a  copy  of  his  appointing  orders  and  a  summary  of  his  quali 
fications  to  the  Commander,  APG-E^,  in  accordance  with  chapter  . 

3  of  AR  725-1;  '  ' 

b.  Each  princip.al  TRADOC  installatipn^commander  will  implement , this 
regulaltion,  establish  a  radioactive!  majterial  control  point  for  the  in- 
stallation support  area,;  and  appoiijt  o|l^j  ofders  a  qualifiec^  RPO  for  his 
instaip-ation  isupport  ^rea  wlio  wi^ll- 
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CI)    Exer.cise  staff  supervision  over  the  radioisotope  inventory!  and 
le^k  test  reporting,  system.  \ 

(2)  Provide  coordination  with,  artd  assistance  to  USAR  aad  NG 
actCvities  within  the  installation  support  area  in  preparing.  aa<^ub- 
mitting  , inventory  and  ^leak  test  reports.    ^  '  '  *•  . 

(3)  Review  and  approve  the  qualifications  of  all  local  RPQ  withirf^ 
^  the  instd'llatrion  support -^a  and  ^??epa  copies  of  those  qualifications 

to  HQ  TRADOC,  ATTN:  ATLG-^AT. 

(4)  Publish  an  implementing  directive  for  this  regulation  arid  pro- 
vide a  copy  to  each  user  as  well  as  information^  copy  to  HQ  TRADOC. 

(y)    |>repai-e  Punch  Cnrd  Traismission  Worksheet  and  submit  tX  HQ 
TRADOC.     Hri^  work-^heet  will  be  prepared  in  ^accordance  with  instruc- 
tionb  at  appendix  X  and  dispatched  to  this  headquarters',  ATTN:  ATLG- 
NtAT,  not  I  at  ei:.  til  an  the  third  working  day  following  the  close  of  the  ^ 
monthly  rep^rtioK  period.     Reports  indicating  leaking  sources  or  re- 
quests for  disposition  instructions  for 'controlled  sources  may  be  sub- 
nritted.  to  this  hea.dqunr ters ,  at  any  time,  ^  - 

^((y^     Tale  actions  indicated  in  paragraph  3-6b  of  AR  725-1  ^nen 
qualified  activity  or  unit  radiological  prdtection  personnel  ate  not 
available.  . 

r?)   -Direct  the  actions  indicated  by. paragraph  3-6f,  AR  725-1  at\4  . 
report  by  teiephonc  to  the  Commandex-^  APG-EA,  any  radiation 
overexposure  alleged  to  ha.ve  fe^een  received  from  any  of  the  control  items 
listed  in  table  *3-i,  AR  72^>-i,   followed' by  notl*fication- to  HQ  TRADOC. 
*  The  RfcS  (AMC-.19W  mjn^  reports  will  be  submitted  through  HQ  TRADOC,  ATTN: 
ATLG-MAT,   for  approval  of  corrective  actions  taken. 

(8)    Maintain  records  indicating  the  serial  number  and  radioactivity, 
at  time  of  manufacture,  of  the  individual  j^igs  within  each  UDM-6  Radiac 
Calibrator.     This  calibrator  will  be  reported  using  only  the  set  serial 
number.  .  , 


f9)    Maintain  all  records  required  by  paragraph  3-8,  AR  725-1  and 
•paragraph  .17  of  AR  700-5-2-. 

*  V 

■  V- 

nO)     Exercise  approval  authority  for  request  for  transfer  of  con- 
trolled items  within  the  installati on  support  **area , 


(11)     Furnish  this 'headquarters  one  cop^ 
diredbiV^s  implemenlting  this  and  related  (e 
regqlations,  and  on^e  copy  (pf  the  appointing 
qualifications  for  the  InsiafLlation  RFC 


of  All  regulations  and/or 
AR  700-52  an^755.r — 
drd^  dnd  surpiyiary  of 
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(12)    Route  through  this  headquarters,  ATTN:    ATLG-MAT-,  all  cor- 
respondence  pertaining  to  items  reportable  undex  this  regulation. 

c.    The  TRADOC  installation  RPO  and  activity  commanders  will  ipsure 
^that  calibration  and  test  items  of  supply^'are  used  under. the  supervision 
of  qualified  persons  who  know  the  hazards  involved.. and  the  safety  pre- 
cautions needed  when  they  are  being  used.    Unit  commariders  will  appoint 
•  unit  SPO^in  accordance  with  AR  40-14,  AR  700-52,  and  AR  725-1.  Com- 
)kar}ders  oi  IKADOC  installations  on  which  there  ar'e  tenanted  or  satel- 
lited activities  not  under  their  command  will  prpvlde  radiological* pro- 
iectjion  area  support  needed  to  me^t  the,  requirement's  of  AR'725-1  and 
1  this  reguflation,  as  agreed  to.  by  the  commanders  ,of  the  separate  elements. 
.'Unit  RPO  will  be  appointed  for  separate  elements  only'when  the  scope  and 
diversity  of  the  local  program  warrant.    Unit  commanders  will  publish 
implementing  regulations  and  procedures  to  reflect  agreements  cbe twee n 
TRADOC  installations  and  tenanted  or  satellited  activities. 


d.  *  Unit  or  activity  RPO-- 

(Xy  Will  maintain  informal  records  of  the  location,  leak  test  re- 
sults and  exposure  reports  for  all  radiatioix,  sources  located  within  v: 
their  respective  units  or  activities.  ' 

(2)    Will  insure  that  all  radioactive  sourc€|:  are  used  only  by  - 
qualified  persons  and  that  the  installation  RPO  is  advised  ^f  any 
forthcoming  chang^S'/of  unit  RPO,.  ^,  '  ^/  ^    \  V      ,  ► 


•      (3)    Will*  forward  to  the  installation  radiological  Control  point  all 
inventory  and  leak  test  re^'ports  and  reqajestsi  for  transfer  or  disposition 
of  sources  in  accordance  with  installation  implemexiting  directives. 
."wojrksheet  at  appendix  B  will  be  used  for  reporting  any  changes.  • 


The 


(4)  May  routinely  return  sources  to  Army  dep^ots  for  recalibration 
and  leak  testing  Ce.g.  ,  TS-784(  )  Calibrators)  without  tequests^for 
transfer  or  reports        change^of *  unit  or  activit^  RPO,  provided  that*  - 

,the  transfer  is  made-according  to  an  SOP  approved  by  the  installation.    '  ^ 
RPO  concerned.    Procedures  musi  provide  for  shipment  and  handling  in 
accordaVice  with' applicable  directives  for  the  transport  and**safe;use  of 
radioactive  materiel.  '  ^ 

(5)  Will  notify  the  installation  RPO  of  radiation  overexposures 
attributable  Co  the  source's  reported  in  accordance  with  this  regulation 
and,  promptly  prepare  a  RCS  .(AMC-191)  MIN  report  wh^ich  will  he  submitted 
through  radj,ol6gical  control  channels  to  the  ConJnan^er;  ^PG-EA.  ^ 
This  report  will  be  sent  to  tl]e  Installation  RP*0  within  '^4  hours  of  th6  • 
overexposure  discovery.     Similar  re^ports  will  bej  submitted  f^r  damaged    ,  ^ 
sources.  (r  \        i  ^ 
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7. .  References, 
o    .  ' 

a,  AR  40.-14,  Control  and  Recording  Procediires  Occupational 
Exposure  to  Ionizing  Radiation. 


b.  AR  40-27,  Personnel  Radiation  Exposures. 

c.  AR  55-55,  Transportation  of  Radioactive  and  Fissile  Materials 
Other  than  Weapons.  j  ^  i 


d,    AR  3^5-30,  Safety  Color  Code  Markings  and  Signs.  • 
* 

•  e.    AR  385-40,  Accident  Reporting  Records.  / 

* 

f.    AR  700-52,  Licensing  and  Control  of  Sources  of  Ionizing 
Radiation.  '  ' 

g/  AR^700-64,  Radioactive  Commodities  in  the  DOD  Supply  System. 

AR  725-1,  Special  Authorization  and  Procedures  for  Issues, 
'Sales  and* Loans.     CChapter  3  is  titled:    Control  »of  Radioactive  Cali- 
bration a-nd  Test  Items  of  Supply.) 

•  tt 
i.    AR  75j0-27,  Army  Metrology  and  Calibration  System. 

1  * 

•j.'  AR  755-15,  Disposal  of  Unwanted  Radioactive  Material, 

k.  •  SB  700-20,  Army  Adopted  Items  of  Materiel.  '     -  * 

*  1.  .TB  43-180,.' Calibration  Requirements  for  the  Maintenance*  of  /. 
Army  Materiel.  ' 
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APPENDIX  A 


INSTRUCTIONS  FOR  PREPARING  TRADOC  FORM  465-R  (PUNCH  CARD  TRANSMISSION 
WORKSHEET).     NOTE:     SIASH  ALL  NUbERIC  ZEROS:  "0". 

CC  1-6.    Enter. the  Unit  Identification  Code  (UIC)  of  the  unit  or  actiylty 
that  possesses  this  item.    Show  only  six  numbers  or  letters,  beginnirtg 
with  a  '»W"  5-  the  first  position  of  all  Army  units.     (No  alphabetic 
l^'O's"  or  "i's".  may  be  usedlin  the  UIC.)  ^-^j 

CC  77I9.    Enter  the  NSN  thirteen  digits.    Do  not  enter  de«fe^^  Use  the 
NSN  for  the  radioacti\^e  source  rather  than  the  NSN  for  kits  or  sets  that 
contain  a  radiatioa'source  with  a  separate  NSN.     (See  -appendix  C.)        ^  ^ 

CC  20-24.     Show  the  set  serial  numbers  with  fiVe  positions.     If  the  in- 
ventory lists  a  serial  number  of  an, item  withi  less  than  five  positiotis 
precede  the  number  with  zeros.  ^  ,  , 

CC  25-28.    Express  the  determined  source  activity, as t follows: 

X007  (7  microcuries) 
^      '         100-  (100  milli'curies)  • 

O^-IK  (1  curie)  ^ 
14C5  »(*1/4X10^  counts  per  min) 
^  28t>5  (2.8X10^  disintegrations  per  min) 
40C5  (4X10^  counts  pei^  min) 

126-  (126  millicuries)  ^  , 

040-  (40  millicuries) 

14C5,  (1.4X10^  counts  per  min)  *  ' 

50C2  (5,000  counts  per  min)     ^       ^  .      :  < 

s^uld 

,reported  as  indicated' c^n-  the  source/    (Either  the  activity  at  date  of 
majiufacture  or  as  determined  by  recarlibration  may  be  reported.) 


TS-1?30A 
M3A1  • 
TS-784(  ) 
UDM-6  / 

MS  ^ 


NOTE:    The  activity  pf  these  sources  may  vary* considerably  and  should  be 


CC  29-32.    Use  four  digit^  to  show  the  year  and  month  that  the -source 
activity,  reported  in  columns  25  ^t^r-ough  28  was  determined.    The'^irst  two 
digits  will  show  the  year^  and  the^last  two  digits,  the  month;  e.g.,  Feb- 
ruary 1958,  "5802",  December"  196§,  "6612",    IJE  this  dat^  cannot  be  deter- 
mined, show  "UNK"  in  the  first  three  spaces,  leaving  column  32  blank,  '  \^ 

CC  33-35.    Use  three  digits  to  show  the  year  and  month  that  tbe  item  was 
rc^ceived  at  the  fpstallation;  e.g.,  December  1965,  "512"^    I^the  date  , 
cXnnot  be  ascertained,  show  "U^^K".  •  *\ 

CC  3( -4^.    IE  transferred ,/enter J the  shipment  number/Governmenfi  (Bill  of 
La'dltg  (GBL)  as  ^qne  lettwJ  and '.seven  numbers.,   T^e  GPL,  must  apiearjon  all       -  ' 
repoits  de4eting' or  aWing"  an .  item  ftjom-  the  inventiry..  '  '^[  V  , 
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* 

CC  44.45.   *Leave  blan^^r^ 

CC  4*6-50.    A  unit  reporting  an  item  as  being  received  will  enter  efther 
the' UIC  or  ARLOC  (DA  Cir  525-10-3)  '£rom  where  thfe  source  was  shipped. 
>^'unit  deleting  an  item  will  enter  the  UIC  of  the  receiving  unit,'  If 
- transf erreii ,  or  the  ARLOC  (DA  Cit  525-10-3)  of/th^locatioD  to  which 
an  item  was  shipped  for  disposal.     (See  CC  73-77.) 

CC  51-'52.  .  Leave  blank/  [ 

CC  53-56.  Enter  dh^  Jul  i^an  date  on  which  the  item  was,  shipped  for  trans 
fet  or  disposal.. 


CC  57-^8.  Leave  b 
CC  |59: 

ja.     Enter  the 

/I 


lank.  '  ,  • 

lumber  "1"  for  all  reports  for  NSN  6665-00-973-1123, 


b.    Epter  the  Jiumber  "?*-for  all  reports  for  NSN  6665-00-856-8235. 

\       c.     Enter  the  number  ''3*'  on^^ll  reports  fc^  NSN  6665-00-692-6601  " 
^nd  6665-00-752-7790.  ^  ,  -  '  , 

d.  Enter^the  riumber  "4'»  for  all 'reports  ,£or^  NSN  6665-00-767-7497 

e.  Enter  the  rjumber  "5"  for  all  reT^orts  for  NSN  6665-00-618-1348. 

f.  Leave  blanl   for  reports  on  all  other -NSN. 

CC' 60-62:    Hunter  tbe  date  of  the,  la^t  leak  test,  using  three  digitSvas 
shown  for  columns  23  through  35.    *'NON"  will  be  shown  ^or  the  M8  Uralliura 
Test  Sample,  NSN  6665-00-618-1348.       ^  /       "  - 

CC  63-65.    Use  three  digits  to  show  the  r-esults  of  the  leak  test  perr 
formed  on  the  date  shown  in  columns  60^62  (showing  microcurie  X  10*^; 
e»g.  ,/0.002  microctries,  would  be  shown  as  "200").     If  an  activity  ex- 
ceeds .005  microcuries,  refer  to  paragraph  3-14b,  AR  725-1.    Round  off 
wipe  test  resylts  to  the  nearest  10'^  microcuries,  e.g., 

•  Q. 001700  microcuries  -  is  shown  as;  1^0 

0.000030  microcuries  -  •Is,  shown  003  ^  - 

0.000005  microcuries  -  is  shown  as:  001        •  ^ 

Less  than  0.000005  microcuries  -  Is  shown  as:*  — 1 
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CC  66<-68.    Code;  the  method  of  leak  test  analysis  as  follows: 


"N"  (in£c  66)*  to  indicate  that  the  w.ipe  test  was  checked  locally  and 
found  to  be  ftee  of  detectable  contamination,  followed  by'' the  appropriate 
abbreviation  (in  CC  67  and  68)  of  the  activity  to  which  the  wipe  wa-^  sent 
for  a  more  accurate  analysis.     (See  b^low.  for  proper  abbreviations.) 

"D»»  (in  CC  66)  to  indicate  that  an  analysis  was  reported,  followed  by 
the  abbreviation  (in  CC  67  and  68)  of  the  activity  performing  the  wlpe^  * 
test  analysis.  '  fSee  below  for  proper  abbreviations.)     ^      '  -  . 


sp  -  Sacramento  Army  Depot 
LX  -  Isexington  Army  Depot 


f 


"NXX"*  to  indicate  that  thel  analysis  was  perf<^rmed  with  Ipcally 
available  measuring  equipment  bf  the  requ^lred  sensitivity.  r(AN/PDR-^7 
is  not  adequately  sensitive.) 

"LEK"  to  indicate  £hat  the  source  was  found  to  be  l|^aking. 

Example:    A  wipe  te^  checked  locally  wfth  AN/PDR-27  was  found  to  be  free 
of  detectable  contamination.    The  wipe  test*wa3  mailed  to  the  Lexington 
Army  Depot  for  a  more*  accurate  analysis.    The  results  were  not  received^ 
within  30  days;  therefore,  the  report  was  submitted  with  "UNK^Mn  col- 
umns 63  through  65  and  "NLX"  in  columns  66  through  ^68.    AJpon  ,  receiving 
this  report  the  RPO  requested  that  the  wipe  test  report  be  retransmitted. 
When  received,  the  wipe  test  ifesults  of  .OOmicrocurles  were  then  rev 
ported  as  ''300"  in  columns  63  through  65  and  "DLX'!  in  columns  66  through 
68.  ^  » 

CC  69.    Use  an  alpha  .character  . to  indicate  the  type  of  report  as  follows: 

"I"  -  for  an  initial* or  recurring  semiannual  inventory. 
»W  -  for  a  change  in  date  of  the* ''last  wipe  test. 

»»K"  -for  cortection  of  erroneous  information , previously  reported.  » 
This  letter  code  must^e  used  in  conjunction'with  Tjoth  Transaction  Codes 
(CC  80)^(i.e.,  "delete* previously  reported  data"  and  "add  new  corrected 
data").    Two  cards  are  req.ulred  to  complete  the  jporrection. 

'  "E"  -  to  indicate  that  the  item  is  epccess  to,  the  needs  of  the  unit  • 
or  activity  having  custody.    Soufrces  will  b6  reported  excejs  only  as 
separate  itetps,  not  as  .physicar.components  of  other  sets. 

"L"  -  for  a  change  to  the  unit  or  activity  having  custody.  (A  cor- 
reslWinJ  change^i^l  be  miAe  to.polumns  llthrough'  6,  , Unit  ^Identifica- 
tioi  JC<ide>,)    CC'^T^TsO-and  CC  53-56  Uiust  be  filled  in.  *  i 
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"D'« for  completion  .of  .disposal  act.ions  and  j^tem  is  to  be  deleted, 
from  the^wentpry.    CC  3^-43,  46-50,  and  53-56  must  be  fiUed  in 

■  .      .  .  ■ '  : 

Ce  70^72.    Shov^  the  date  of  .the  repor^t  by  digits,'  indicating  fhe  year, 
with  fhe  fitst  di;git  and  the' month  with'^  the  last  two  digits    e  e 
February  1968:    "802".  '  \  •■" 

CC  73-77.  Enter  .the  Arjny  Location  Code  identifier-  from-DA.Cir  5-25-10-3 
that  best  depicts  the  actual  source-location.  '  "'^     ,  .   *  ' 


CC  78-79.    .Enter  the/installation  UskdSC  reporting  cod6  from.  Appendix. 


CC  80.     Enter  the  appropriate  transactioi  code;  a*s  follows:  * 

"A"  .  for-  add.        ,  ^  .  *  " 

«D"  -  for  delete.  (NOTE;  If  "deleffei^^dard  .has  a  "K"  in  (j|69, 
there  will  also  be  an  "add"  card,  if  an  "I#^or  "D"  .is  in  CC  69-  Cc' 
36-43,  and' 46^50  must  be  completed.)    •  '     .  ^ 

"C"  -  flpr. change.     Used  with  "W".  in  CC  69*  .  . 
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AJ^PENDIX  'C  1 
REPORTABLE  RADIATION' SOURCES 


.  NSN 


ITEM 


6665-00-973-1123         Radi-ac  03115^3^90  TS 123 OA  ~ 
6665-00-856-8235.        R3dio3ctlve.  Source  Sit  M3A1 
6665-00-692-6601         R3di3c  C3librator  TS784 
6665^00-752-7790         R3di36  C3lij}r3tor  TS784A 
6663-00-767-7497  [     R3di3c  C3librator  AN/UDM-6 

6665-00-618- I3AB-  •  R3dio3ctlve  Test  Sample  M8 
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US  ARMY  CC»IPUTER  SYSTEMS  COMMAND 
INSTALLATION  REPORTING  CODES  (TRADOC  EXTRACT) 


NOTE:    Radioactifc\^e  sources  located  on  subinstallation  or  within  the 

installation  support  area  will  use  only  .the  principal  installation 
reporting  codes  as  given.  '  i  1 

'  i  *       I  cscv 

\       •  iinstaIlations  code 


1.  Fort/ Belvo'ir  ,  , 

2.  _Fort ^Benning  ^     \  »       *  <  13 

3.  Fort 'Bliss  '   *  rs^^X^ 

4.  Fort  »Dix  including  CarHsle  ".arraClcs    /  29 

5.  ^ort  Eustis  including  Fort  Nonroe  and 

Fort  Story  32 

6.  Fort  Gordon    '  ^  '  33 

7.  F;ort  Benjamin  Harrison  3^ 

8.  Fort  Jackson  ^  .  •  t5 

9.  Fort  ^.nox  .including  Columbus  Spt  Facility 

10.  Fo^rt  Leavenworth 

11.  Fort  Lee  including  Cp  Hil^  and  Cp  Pickett 

12.  F6rt  McClltlan        ,   .  *.  . 

13.  Fpit  Ord  including  Hunter-Leggett ,  Pres  of  , 
Monterey,  and  Cp  Roberts 

14.  Fort  Polk  ,  ^  ^ 
15/^ Fort  Rucker                  ^  *  " 


16.     Fort  Sill 


5fl 
33 


69 
7? 


82 


17..    Fort  Leonard  Wood     #  •  '     .  90 

o 

♦  '  '  *  1 

*>CC  78-79  in  Punch  Card  Transmission  Worksheet 
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^    j  The  proponent  of  this  regulation  is«  the  Office  of  the  . 
Deputy  Ctvief.  of  Staff  for  .Logistics.     Users  are  invited 
*to  send  comments  and  suggested  improvements  on  DA  Form 
2028  (Recommended  Changes  to  Publications)  through 
channels  to  the  Cdr,  TRADOC,  ATTNr    ATLG-MAT,  Fort 
Monrpe,  VA    2365'1.    '      ^  , 

FOR  THE  COMMANDER:  '    •  • 


OFFICIAL: 


V.  W.  BOLTON 
Colonel,  ACC 
Adjutant  General  ^ 


DISTRIBUTION: 
HI;  H3;  51  / 
TRADOC  Infiti:  D 


B.  E.  HUFFMAN,  JR.. 
Major  Gene-tal,  GS 
Chief  of  Staff 


Copies  Furnished: 
H2;  Jl/  J3;  J4; 
'S3  .     .       '  . 
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USA  /Environmental  Hygiene  Agcy,  ^ 
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USA  Armt  Comd,  ATTN:  AMSAR-MM-Cl 
Eiigewood  Arsenal,  ATTN;  SAREA-TS/ 
SAREA-SF 

ECOM,  ATTN:  AMSEL-*SF 
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References  and  Application • 


a»  '  References! , 


(1) 


(2) 


;(3) 


(U)    TRM)OC  Supplement  No  1  700-52; 

J 5)   AR  700-64.  '  .  • 

^  (6)   TM  ...       "      ,  • 

(7)    TM  >26l.. 
b»   Application  -  Problem.     -  , 

♦ 

,(1)    Prepare  a  Radioisotope  Inventory  and  Leak  Test  Report 
(RCS-AMC-192)  using  the  worksheet  format  outlines  in 
Appendix  A,  TRADOC  reguljition  700-63,  Pertinent  Data*  • 


(a)   Aberdeen  Proving  Ground^  Maryland  station  identifier  - 
01567»    The  CSC  Code  for  Aberdeen  Proving  Ground  is  02 


(c)    US  Army  Ordnance  Center  and  School  -  WIDAAAA* 

id)   Radioactive  Source  Set  M3A1,  NSN  6665-(30-.856-8235, 
serial  number  60809,  source  activity  126*  millicuries, 
material  60,  manufactured  5  October  1971» 

(e)  Soxirce  received  on  the.  installation  on  1  Nov  1974 
with  a  GBL  number  \)f  5B784622.        v  . 

(f)  The  radioactive  source  set  was  transferred  from 


Consolidated  Supply  to  the  Radiation'Proteciion 
Officer,  USAOC&S  on  5  Nov  1974,  and  a  wipe  test 
was  performed  'on  receipt  and  checked  locally  with 
'a  AN/PDRr-27( J )  and  found  to  be  free. from  detectable 
contamination The  wipe  test  was.  mailed  to  Lexington 
Blue  Grass  Anjiy  Depot  for  detailed  analysis* 


(b) 


Consolidated- Supply,  APG-UIC-WOU  293. 
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(2)  i^CTare  the  follov?-up  report  which  is  transmitted  to  the 
S  ol  Sceipt  of  vdpe  test  results  of  Z  X-KT^  ndcrocuries 
on  27  November  1974.'  ^       .  '*  *       *  • 

(3)  Prepare  the  report  v»hich  would  be  made  out  on  the  same  item, 
onTnav  1975.    At  that  time,  assume  that' the  wipe,  test  shoved 

.  6  X  10^5  nlcrocurie^  of  contamination-.    USAOC&S  Health  Physxcs 
Office  performed  the  analysis. 

a)  '  You  have  received 'disposition 'instructicms  fromAPG-EA.  ,  . 
Cormirete-the  report  covering  the  following  di3-  ^  ^ 

■       pos^^  actios.    S^  6  June  1975,  the  item  was  consolidated  . 
■  wiih  other  radioactive  waste  materials  and  transferred  to 
the  Radioactive  Material  Disposal  Facility,  per  "bill  of 
lading  number  Z1234567  (APG-EA  Statipnidentifier  -       .   -  ; 

00429>.  • 

(5)  'Attached  is  an  incorrect  report  (marked  problem  5).   All  the 
■     information  entered  on  the  worksheet  is  correct;  however,  - 
one  bit  of  information  is  missing.    Conqpl.ete  the  action^s; 
required  to  correct ^this  omission.    Date  <Sf  preparation 
is  a  April  1975.  .      '  ,         .     .     , , 
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APPENDIX  C  -  ,      .  • 

REPORTABLE  RADIATION  SOURCES 

**       '  •   -,  *  ' 

NSN  .  ITEM 

6665-00-973-1123         Radiac  Calibration  TS1230A 
6665-00-856-8235         Radioactive  Source  Set  M3AI 
6665-00-692-6601         Radiac  Calibrator  TS784 
6665-00-752-779.0        l^adiac  Calib^tor  TS7,84A 
6665-00-767-7497         Radiac  Calijbrator  AN/UDM-6 

6-665-00-^618-1348  *   Radioactivfe.»Test  Sample  M8 
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:^  •  APPENDIX  C         •  . 
REPORTABLE  RADIATION  SOURCES 

NSN  ITEM 

6665-00-973-1123  Radiac  Calibration  TS1230A 

6665-00-856-8235  Radioactive ' Source  Set  m3A1 

6665-00-692-6601  Radiac  Calibrator  TS784 

666-3-00-752-7790  Radiac  Calibrator  TS78AA 

6665-00-767-7497  Radiac  Calibrator  ^AN/UD^^-6. 

6,665-0a-618-1348  Radioactive  ^est  Sample  MB 


1 
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^ ^  APPENDIX  ^ 

;     RPPORTABLE  RADIATION  SOURCES 


-  -  NSN  '  •  '--ITEM-  

6665-00-973-1123  ^  Radlac  Calibration  TSL?30A^ 

666^5-00-856-8235  Radioactive  Source  Set  M3Ab 

6665-0(^692-6601  Radiac  Calibrator  "I^STSA/ 

6665^0-752-7790  '      Radiac  Calibrator  TS^WX 

6665-00-767-7497  Radiac  Calibrator  'AN/UD^'^6 

'6665-00-618- B48  *    Radioactive  Test.Satnple  m6 


i 
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APPENDIX  C 
REPORTABLE  RADIATION  SOURCES 

 NSN_   _  ^  ITEK 

6665-00-973-1123  Radiac  Calibration  TS1230A 

6665-00,-856-8235  Radioactive  Sourofe  Set  >^i3Al 

^  6665-00-692-6601  Radiac  Calibrator  TS784 

^  ~6665-00-752-7790  Radiac  Calibrator  TS784A 

6665-00-767-7497  Radiac  Calibrator  AN/UDM-6 

666*^-00-618-1348  Radioactive  Test  Sample  M8 


"         ■  490 

O  '  ■  -509  • 

ERIC  '  ^  '  \ 


JTRADOC  Reg  700-63         ,  12, 


-  / 


\ 


APPENDIX  C •  ' 
REPORTABLE  RADIATION  SbURCES 


_^SN   IXEM- 


6663-00,-973-1123  *    Radiac  Calibration  TS1230A 
6665-00-856-8233         Radioactive  Source  Set  m3AI 
6663-00-692-6601         Radiac  Calibrator  TS784 
6665-00-752-7790         Radiac  -Calibrator  TS784A 
6665-00-767-7497         Radiac  Calibrator  Af^/UDM-6 
6665-00-618-1348        Radioactive  Tpst  Sample  MS 


TRADOC  Reg  700-63  .12 


APPENDIX  C 
REPORTABLE  RADIATION. SOURCES 

NSN  ^     ^  ITEM 

6665-.00-973-»1123         Radiac  Calibration  TS1230A 
6665-00-856-8235         Radioactive  Source  Set  m3A1 
6665-00-692-6^01         Radiac  Calibrator  TS784 
6665-00-752-7790         Radiac  Calibrator  TS784A 

6665-00-767-7497  •  Radiac  Calibrator  AN/UD>*-6 
6665-00-618-1348         Radioactive  Test  SampleM8 
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TRADOC  Reg  700-63.                             -  12  '    •  ^ 

%  ■ 

X  ■       '  APPENDIX  C         •  ^ 

'         .                    REPORTABLE  EADIATION  SOURCES  ^  *  . 


■J 


I^SN'    '  '\     ^  ITEM 

6665-00-973-1123         Radiac  Calibration  TS1230A 

6665-00-856-8235  .  Radioactive  Source  Set  M3A1 
6665-00-692-6601         Radiac  Calibrator  TS784 
6665-00-752-7790         Radiac  Calibrator  TS784A 
6665-00-767-7497         Radiac  Calibrator  AN/UW-6 
6665-00-618-1348        Radioactive  Test  "Sample  M8^ 
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APPENDIX  C 
'  REPORTABLE  RADIATION  .SOURCES 

NSN  ITEM 

6665-00-973-1123  ^      Radiac  Calibration  TS1230A 

6665-00-856-8235  Radioactive  Source  Set  m3A1 

6665-00-692-6601  Radiac  Calibrator  TS784"- 

6665-00-752-7790  Radiac  Calibrator  TS784A 

fr6,!65-00-767-7497  Radiac  Calibrator. AN/uro^6 

6665-00-618-1348  Radioactive  Test  Sample  M8 
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.  .    APPENDIX  C 
REPORTABLE  RADIATION  SOURCES 


NSN  .  ITEM 


6665-00-973-1123         Radiac  Calibration  TSUSOA''. 

6665-00-856-8235  ,     Radioactive  Source  Set  m3A1 
6665-00-692-6601         Radiac  "Calibrator  TS784 
6665-00-752-7790         Radiac  Calibrator  TS784A 
6665-00-767-7497         Radiac  Calibrator  AN/UD>*-6 

6665-00-618-1348  •  Radioactive  Test,  Sample' MS 


5 


0 


0 


519 


TRADOC  Reg  700-63 
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APPENDIX  C 
REPORTABtE  RADIATION  SOURCES 


NSN  , 

6665-00-973-1123 

6665-00-85^-8235. 

6665-00-692-6601 

6665atfO-75^-7790 

6665-BO-767-7497 

6665.(Jt5-618-1348 


ITEM 

Radiac  Calibration  TS1230A 
Radioactive  Source  Set  M3A1 
Radiac  Calibrator  TS784 
Radiac  Calibrator  TS784A 
Radiac  Calibrator  AN/UDW-6 
Radioactive  Test  Sample  M8 
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APPENDIX  C  • 
REPORTABLE  RADIATION  SOURCES 

NSN        '  .      ■  ITEM 

6665-00-973-1123  Radiac  Calibration  TS1230A 

^6665^00-856-8235  Radioactive  Source  Sej:  M3A1, 

6665-00-692-^601  Radiac  Calibrator  TS784 

6665-00-752-7790  Radiac  Calibrator  tS784A  • 

6665-00-767-7497  Radiac  Calibrator  AN/um-6 

6665-00-618-1348  Radioactive  Test  Sample  M8 

\ 


LICENSING  AND-  SOi^  WRITING  ,  [ 


D-F370,  LICENSING  AND  SOP  WRITING" 


I.     Refer5nce8  and  DiscusBion. 

Radiological  Safety  Handbook  GEl*39»        ^  * 

•  Title  loJcTR;  AR  700-52 j  USABC  "how  to 'get  a  License  to  xzse  Radioisotopes;" 
USACMLCS  Memo  385-2* 

II •    Student  Performance  Objectives*  * 

A,     Using  texts  and  references,^  malce  application  for  an  I<IRC  license;* 
completl^ng  and  cMiplying  vith  all  requirements. 

Using  texts  and  references,  make  application  to  t'he  NRC  for  renewal 
"amendmeat^NQf/an  NRC  license,  complying  with  all  requirements. 

C.     Using  texts  and  references,  comply  with  DA  guidance  on  routing -and 
staffing  pf  request  for  NRC  licenses.  ' 

Using  texts  -and  references,  make  applit:ation  through  DA  for  jjermis- 
sion-'to  use  and  hold*non-NRC  licensed  material,  ^  * 

« « 

Using  texts  and  references,  comply. with  DA  directives  on  the  control  . 
and  reporting,  of  radioactive  materi^il*  *  . 

Using  texts  and  references,  prepare  and  administrate  standafd 
'operating  procedures  for' a  radiological  safety .t>rogr am, 


D. 
E. 
P. 


c 
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in.  Handouts. 

^  Vu-Graphs  used  in  DF370, 

A.  ^  10  CPR  Paart  20,  "Stmndards  for  Protection  Against  Radiation" 

1.  Standards  for  sAfety  application*  to  all  persons  possessing  or  , 
using*  licensed  radioactive  material.  ^ 

2.  Basic  radiation  safety  regulations. 

B.  10  CFR  Part  30,  "Rulefe  of  General  Applicability  to  Licensing  of 
Byproduct  Material"  ^  i 

1.  Basic  rules  for  licensing. of  radioisotopes. 

2.  *  Certain  aspects  of  byproduct  material  licensing  covered  in 
•Vv  'Parts  31  through.  36.^  '  , 

C.  10  CFR  Parts  31  arid  32, 

\ 

1.  .  10  CFR  Part  31,  "General  Licenses  for  CeHain  Quantities  of 

l^roduct  Material  and  Byproduct  Material  Contained  in  Certain 
Items" 

2.  10  era  Part  32,  "Specific  Licenses  to  Manufacture,  Distribute, 
or  Import  Exempted  and  General  Licensed  Items  Containing 
]^roduct  Material"  - 


D.     Other  Considerations. 


1^.      10  CHR  tart  35,  "Specific  Licenses  of  Broad  Scope  for  Byproduct 
Materifil" 

2.  10  CFR  Part  3^>  "Licenses  fof  Radiography  and  Radiation  Safety, 
Requirements  for  Radiographic  Operations" 

3.  10  Qlk.  Part  35,  "Human  Use 'of  Byproduct  Miaterial" 

k.      10  CFR  ParV36,  "Export  and  Import  of  Byi)roduct  Material" 

5.  -10  CFR  Part  71,  "Packaging  of  Radioactive  Material  for  Transport" 
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E.     Information  Sutaitt-ed.        .    *      "     f f 

'I.    ^Criteria  -  radiation  protection     '  -     ,  . 

2.  Criteria  -  approval  of  license ^application 

3.  Rules  -  transfer  of  licensed  material 
Becord  -  keeping  requirements 

•  5.     ihiles  -  amendment,  modification,  suspense,  or  revocation  of 

licenses 

P.      Guides.  -  "  . 

1.  '  Federal  .Badiation  Council  .  *  * 

2.  National  Council  on  Radiation  Protection 

3.  National  Council  on  Radiation  Protection  and  Measurements 
k.     International  Cbnmission  on  Radiation  Protection 

G.  Preparing  an  Application.  i 
1.      Submitted  on  NRC  Forrri  313a 

2..     NRC  Form  313a  -  has  sheet  of  instruction  to  closely  follow 
-     3.      Supplemental  ^hfeet  -.may  be  attached 

l».     Two' copies  -  NRC  Form  3l3a  and  supplemental  sheets 

5.      Obtain  forms  -  Director,  Division  of  Material  Licensing,  USNRC, 
Washington,  D.  C,    205^5         ^  •  . 

H.  Safety  Evaluation. 

•  1.     Training  and  experience  .  / 
.  2.      Instrumentation  ) 

•  3.  Equipment 
\\.  Facilities  . 

5..  Procedures  proposed  for  use  for  protection 

6»  Waste  disposal  ' 

508 
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Training. 

!•     Principle  and  practices  of  radiation  safety.  '  "-^^^ 

2.  Radioactivity  measurements 

3.  Staadardization 

h.  ^  Monitoring  techniques  and  Instruments  ^        -  ' 

Mathematics  and  calculations  basic  to  use  and  measurement 

6.  /Biological  effects 

7.  Handling  and  use  commensurate  with  the  types  and  quantities, 
to  be  employed  *  . 

Other  Information. 

1*     Name  and  address 

2.  Quantity,  type,  and  chemical  or  i|iysical  form,  of  radioisotopes 
to  be  used  ,  ' 

3.  Purpose  for  which  used 
License  Authorization. 

1,  Receive 

2.  Acquire 
3*     Owned  and  imported 

^4.     Transfer  to  other  NRC  or  state  licerises 
Responsibility;  '       ^  '  * 

1.  Material,  .  equipm^tnt  .and  proce'dures  used 

2.  *   Personnel  who  use  material  and  equipment 

a.  ,  Sufficiently  trained        '  i 
1)/    Follow  management  instruction 
Cv     Follow  safety  rules  '\  ( 

d.     Period  criecks 

'     '     530  " 


Records •     ,         ;  ' 

1,  Receipt  .  ^    /  ^ 

2,  .Transfer 

3,  '  Disposal  ;       • '  ' 

U/  ,  -Radiation  exposure  of  persons  in  program. 
5.     Surveys  made  to  evalu'ate  radiation  safety 

Purpose.  '  - 

1.  Provides  -  procedures  for  suMission  of  application 

2.  Prescribes  -  control  of  radioactive  material  not  licensed  by  NRC 

3.  Provides  -  guidance  for  DA  agencies  for  use  of  radioactive      J  . 
material  '      -     •  '  *  - 

a.  .    procuring  .^J:^ 

* 

b.  '  coordinating 

c.  ;  controlling  -       '      v  '  ' 

d.  other  sources  of  ionizing'  radiation. 
Request  for  Hon- licensed  "Material.  . 

1.  Description  of  facility 

2.  Type  and  activity   '  .  . 

3^     Name  and  quallficatipn  <?f  ind'iyidual  responsible-  .  ... 

li.     Purpose  for  which  used 

^.     Detection  Instruments  to  be  employed 

6.     Health  protection  measures 

7*     Monitoring  provisions 
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P.x,  Control. 

!•  Procurement 
2.  Receipt 
3#  Storage 

Inventory 
5.     Surveillance  . 

i 

Q.     Safety  Procedures* 

1.  Purpose 

2.  Philosophy 

3.  Safety  rules 
1^.     Instruction  to  personnel 
5«     Radiation  protection  standards 

6.  'Surveys 

7.  Caution  signs,  labels,  and  signals 
Problems:  None 

Solutions:  *  'Noije     ^  "      '  ' 
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rom^wTfrm'  us.  nuclear  reguj-atory  commission        '  ?aa«  l_oL_iLJPagM 

*^*ft5ilS5  BWfcOtuc  Energy  Ad  of  1954  >sA  -  jde  10,  Code  pf  Fede^'lSe^atioM,  Chapter 
1  r  0  Liowuinff  of  Bvprodud  Malerial,  and  in  reliance  on  itatomanls  and  repreienJations  here- 
tdore  br  the  lic«iMe,  a  Ucenie  is  hereby  issued  authorizing  the  Ucenwe  to  receive,  acquire. 
^Tvauu,%r-'"  and  itiport  byproduct  nuterial  lislad  below,  and  to  um  such  byproduct  ma- 
S  teMhe  PurpoMd)  and «ihe  ?lace(«) deaignaied  *alow.  This  Hcan«  shall  be  deemed  to  con- 
Srth? Sl^TSidfi*!  in  S^on  183  of'ihe  .^nic  Energy  Act  of  1954.  and  is  .ubjeci  to  all 
appUcabl*  rulee,  regiJatioM,  and  orders  of  the  Nuclear  Regulstory  Commission  now  or  hereafter  in  effect 


and  to  any  oonamor«  spwuvu 

1,  NamV      Dcpirtmcnt  of  the  Army 

U.S.  Anny  Ordnance  Center  and 

2.  Addr««  .    School .  ,  ^  *  ^ 

Radiological  Branch 
Technical  Division 

Aberdeen  Proving  Ground,  Md  21005 

2a  accordance  vith  plication 
dated  S^teamer  27,  1965» 
3.  License  number  1-2861-1  is  aatnded 

in  if  ^a^fAllflMgt  

4.  Expiration  date    '  • 

Dcce22»r  31«  1967 

5.  Reference  No.                                ,  , 

 •-   ■ — •  •  — 71  

byproduct  xnal^ritl 
(Olemaltt  and  mus  number) 

A*  '  Any  b3rfr«*ict  f»t«rUl 
vitli  AtMic  Mm.  3-S3 

7.  Chemical  and/or  physical 
.form 

A.  Any 

{S^.f09^  

8,  Maximum  amoum  ot  raoioao- 
tivily  which  licemee  may  pci* 
sets  at  any  one  time 

A.    100  adllicuries  of  each 

A.   iMMxek  Md  Omnlofmtt.  M  MtlP»i  in  Section  V),kCk),  Title  10,  Part  34,  Code  of  ^ 

5JS£4^*toUrl^-  UboMtoiy  and  field  Ipatruatlea  In  radAolagleal  defenae. 

 t^**  ^■^  ~  ■  "CONDITIONS  ,   •   ,      1^  J  .   T.  - 

10.  Unleaa  otherwise  apwafied.  the  aulhori«d  place  of  use  is  the  Ucensee  s  address  stated  m  Item 
Sabovet  .  '  - 


11. 


12., 


13. 


U. 


the  Iie«»e«  .hall  om,lj  i.ith  tta  pwrl^on.  of  "tle^O,  iatt  20.  Cod.  of  federal 
lagaUtleM,  Chaptw  1,  "Staadwda  for  Tioteetlo*  AaaiMt  ladUtloo." 

lyprodMt  •at.rlal  ahall  be        by.  or  uiHlwr  tha.aupervlaloo  of.  Individual.  d..l«n.t.d 

by  th.  0.  a.  Army  Ordnance  Center  and  School  Isotopes  Committee.  ^ 

to.li.u  .f  th.  control  4.vle.  r.vlt.«nU  of  S.ctloo  2b.203<cK«. 

luMOd  by  .t  lM.e  tltt..  atran*  of  barbed  wlr.).  Ml  gUt^  »«>  vELV-mIT 
S!lloS-5         SSI     >.*l«»«k-«>'-t  .11  ttaa.  •xo.pt  f«r  .ntry  by  .ut»»oriMd' 


/ 
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U.S.  NUCLEAR  REGULATORY  COMMISSION-  P^g^^L^^g^ 
MATEUi^  LICENSE.. 
SuppUmentAry  Sh#^ 


(U7) 


6.  Byproduct  xaAleriAl 

!•  QMiiw  137 

'  ft*  CifcUt 

0.  cofaiat  io 

t.  Cohftlt  40 


^'  Qi«n^  wjd/cr  phy«i«d  form    8.  Maximum  amount  of  MdioactiYitrwhicfe 

Uotn—  may  pownt  at  any  ona  tim# 


Oak  lidya  Katioiuii 

mntoxr  9mX«4  SeunM 
D«    Qmmi  IndustriM  Inoiip- 
mil|it«4  S«cl«d  Sourctt 

K.    Oik  tid«9  MftticMl  Ltb- 
oratory  iMlod  Sourot 


i.  -I  Murot  of  135  eurlM 

^    /50  curl—  oowuinod  i*  50 
■onretg  of  15  curin  «4eli 

D«    15»180  CMTiM  ooaUintd  in 
1020  tfuxoM  of  15  curias 
o«ch 

i%    1  souroo  of  8  ouriat 


Aoeterlaod  uao  OMtimiadi 


!:  I^n^w^""  ^\  ^If??^^  Calibrator  for  aalibration  of  iaatm-anta. 

U  SSal  '~  ''•^"^      radlolotioal  dafanaa. 

w  uaa  la  NMal  AV/mci  XadUa  Calibrator  far  calibration  of  InatrwMiU, 


Condition  UU.  oantiwiadi 

!!^v?*"  ^  ^^^'^       oantaidn^Man  and/or  laakaga  prior  to  uaa.  In 

tha  abaonca  of  a  oartifioata  fro.  a  traaafaror.  indicatinf  that  a  taat  baa  baan  Mda 

^  tranafar,  tha  aaalad  aourca  ahall  not  ba  put  into 

usa  uacil  taatad* 


5/  «a«»rlo«u<  by  tlia  llomM*  thall  b«  tMtadfor  CMtMimtioa 

*!)  «"L.!"^*'  *^^^*»^y  fabrication.    I£  tha  taat  raraala  tha  praaanca 

"L?    L"  **  "f^abla  c<mt4WiMtIon,  tha  lloanaaa  ahall  rapair 

f  iL?!.  •ouroa,   S«alad  souroaa  fabrleatad  for  dla- 

r       <»f««*nlNt  bjfifWMluot  aatarlal  (with  tha  axoaptlon  of  byproduct 
.lli''^  "caading  thirty  daya.  byproduct  aatarlal  Irt  tha  for. 

Of  aaa,  and  Irldlua  if 2)  »h,n,  in  addition  to  an  InftUl  taat  v^ea  fabrication, 
oa  aemwd  for  a  parIo4  of  aavan  4aya  and  r8t«ata4  prior  to  tranafor  to  anothar 
paraon  or  aa  othaxwiaa  apaclfloally  provided  for  In  thU  lloanaa. 

Itaoh  Malad  .aouirea  oontalnlng  byproduct  wtwrUl*  othar  than  Hydrojiin  3,  with  a 
kalC-tlfa  sraatar  thM  thirty  «|aya  «nd  In  any  fan  othar  than  taa  ahall  ba  taatad 
foc  laakasa  and/or  oontaalnatlon  at  Intarvala  not  to  axcaad  alx  aootha  axcapt  that- 
1  ?  deal»(iad  for  tha  purpoaa  of  aalttlng  alpha  partlclaa  ahall  ba  taatad 

at  iBtanrala  not  to  axoaad  thraa  aontba. 

<Saa  paga  3)  . 
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DUCT  MATSSUAL  O 
Supplementary  Sheet 

License  Number- 
A  (1^7) 


BYPRODUCT  MATSSUAL  UCBNSE 


IMS  COW  IS  FOR  YOUR  FUCS 

Cow'*    -a  14,  eonfiwKdi 

D     Th«  t«at  atull  b«  c«p«bl«  of  <kt«ccin«  cha  p«««ne«  or  O.005  nicrocarie  of  r«dio- 
•  -Siil  «  thi  t«t  -vl..    nw  fst  ««.ple  st^l  be  t.k«»  fro.  the  .«led 

lou  -M  or  froa  th«  turfaO  of  th«  d«vioa  la  which  th*  a**led  .ource  is-penn«ncntly 
w  ii.lp.rmn.ntly  «wnt*l  or  .tor.d'o«  which  on.  might  «cp.et  contwinatlon  to 
•ceunlat..   Bacord.  of  Iwk  t««t  regult.  .hall  bt  tept  in  units'  of  microcuriw 
«nd  Mint.in*d  for  in.p.cti6n  by  th.  CowniMlom  •  ; 

2.'  If  th.  te«t  r«quir.d  by  Sub..ction  A.  or  C.  of  thl«  condition  reveals  the  presence  _ 
of  0?005  microti,  or  -ore  of  re«a<.«ble  oontwdnetion.  the  license,  .hall  n-edl- 
%      withdrew  tte  awled-aource  from  use  and  ahall  cause  it  to  be  decontaminated 
•>      and  repaired  or  to  be  diapoaed  of  in  accordance  with  Conwiasion  regulation.^  A 
,      '   report  ihall  be  filed  within  5  daya  of  fr^  teat  with  the  Director.  Dlviaion  of 
Ifcterlala  Licensing,  U.S.  Nuclear  Regulatory  Commission,  Washington,  D.C.  20545,  des- 
«lblni  the  .quip«ent  involved,  the  te.t  re.ulta,  and  the  corrective  action  taken. 
Tcopj  ofauch  report  ahall  al.o  be  ..nt  to  the  Director.  Region  ".  Division  of  , 
CoJ^llsnce.  USAEC,  50  Sevmth  Street,  Northeast,  Atlanta.  Georgia  30323. 

tj.    m  li.u  of  the  requiremnta  of  Condition  U-A.'; Sealed  sourcea  in  the  Pelham  Range 
Sdloloiicl  field  ahall  be  each  teated  according  to  the  following  achedule: 

A.  Ten  p.re«it  of  th.  .ourc..  .hall  b.  te.ted  for  le.kage  and  cont»ination  at  six- 
•onth  Intervala* 

B.  If  any  leakini  aouroea  ax.  found  In  the  ten  percent  te.ted,  th.  L.king  .ourcs 
.h«ll  b.  wlthdr«m  fro-  u.e  «nd  r.paired  or  diapoaed  of  and  another  ten  percent 
of  th.  MurcB  .h.11  b.  t..ted. 

C.  If  «ty  le.king  «)urcea  are  found  In  the  second  ten  percent  teated.  the  leaking 

'      aouro..  .hall  be  withdrawn  fr«  uae  .nd  r.palrad  or  disposed  of  and  all  the  sources 
*in  th.  Pelhaa  Ranae  radiological  field  ahall  be  teated. 

D.  If  My  leaklnj  aourcea  «r.  found  in  the  reaalning  sources  tieated.  they  ahall  be 
withdrawn  fro*  uae  and  r.p.ir.d  or  di.pcd  of. 

16.    In  lieu  of  th.  requir««nU  of  Section  20.203(f  )(4^.  10,  CFR  20.  .Ml.d  .ources  In  the 
Pelhan  Hang,  radiological  field  iMjr  be  labeled  aa  followa: 
Radiation  Syiobol  (in  appropriate  color V 
OANCai  RADIOACriVI  MATERIAL  UO  NOT  HANDLE 
(Serial  Munber)  * 
notify  Military  Authoritiea  if  Found 
U.S.  Army  Ordnance  tenter  and  School 
Aberdeen  Proving  Ground,  Md  21005 


(See  page  4) 
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Trtdft^  U  S-  NUCLEAR  REGULATORY  COMMISSION    .  lp«fe_t_oLefej*»fB» 

BtFR(X)0(?r  MATOUIL  LICENSB 
SupptaBMUiy  SbMt 

Lieente  Numbtr-_ls2ttl-£. 

(U7) 

V       '  AltaOTCJW,  12 

liMMM  alMilL  wisuki  a  yiwint  rtoori  of  tW  ^isca^i;^^-  ci  activity  iii  'Mch 


17«  kcMfC  M  apMiflpaiy  pswiM  otlmviM  by  tkis  IIcmm,  ch*  IIoamm  shall  poatMt^ 
m4  \m  fcfygifcot  MUrlal  dteariM  In  Ztaw  6,  7^  and  $  cl,  this  iicaoaa  in*  * 
aooevteaa  vitii  atotMMUt  raff  ■aautlatta»  a><  ygagaatoaa  coct&inid  la  applieation 


^  For  the  U.S.  Nuclear  Regulatory  Commission 


— ^  '   byJ!__  laotop^B  Branqh 


WmODUCT  MAVSBIML  UCSNSE 
Suppkm«ntar7  Sti%9i 


IiceruaNumberOt-02861-Ol 

■f 

Amendment  No.A^  


Department^  the  AnnJ^    ,  ^  , 

U.S.  Anny  Ordnance  Cen.tcr  ajid 

School 

Radiological  Branch 

Technical  Division  ^    ,  ' 

Aberdeen  Proving  Ground,  Md  21005^  ,  ^  /  I 

m  accoLcUnc^  with  •pplication  dat#d  lioVambT  2^.  1967,  Litenie 
01-02861-01  i«  aMndad  as  follows: 

Item*  6.,  7.,  8.,  And  9.  «•  atwndad  to  add;^ 


&  Brproduct  maltrul 
(•lement  and  mm  number) 

7.  Chamioal  ai>d/or  phyaical  form 
♦ 

8.  Maximum  amount  of  rodioactivitT  which 
Ucena^  may  potaeu  at  any  one  time 

F.  Caaium  137 

i.^,  i  JjEmasota  liixiins 
and  iianufaeturins 
^    Con^any  Modal 
4F6S  baalad 
Sourcas 

F,  2000  millicuries 
total-no  single 
source  to  exceed 
500  millicuries 

9.  Authodxed  uaa 

K    R^sAAiv^  and  Davalopmant  as  defined  in  Section  30. 4(q),  Title  10, 
•  P^rfo^  cSde^  F^SJil  Reflation.,  Chapter  1.  ^^^^^^^^""^^ 
Wicability  to  Ucensins  o?  Byproduct  ^l^^erial."  ^^"Jory 
and  field  instruction  in  radiological  sarety  and  radiological 
defense. 

Item  9 .A,  is  amended  to  read: 

9.A.  Research  and  D«elop«nc  as  defined  ^Section  30,4^^^    'ricle  10. 
Part  30,  Code  of  Federal  Kegulations,  Chapter  1,  • Rules  or  . 
General  Applicability  to  Licensing  of  BW>^°<i^«^^^^^5f^?i;"  f SSe  • 

and  field  Lstructioi  in  radiological  safety  and  radiological  defense. 


Date-. 


FEB  7  t968 
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For  the  U.S.  Nuclear  Regulatory  Commfarion 

isotopes  Branch 

by.   


DEPARTMENT  OF  THE  ARMY 
omcK  or  THc  dcputy  chief  or  WTAFPTcn  Looicrics 
WAmiNOTON^aa  m\% 


SIBJKT!   Byproduct  Material  License  Ifo.  Ql«oaB6l<^l 


IHRU: 


Uhlied  OimUu  Oeatiaeatal  Any 


1  9FEB«68 


dhliPd  lMit«4  at>t<B  Aiiitf 
AHH.   


rniiniliua  Offloey  > 


W):  Commanding  Officer 

U.S.  Army  Ordnance  Center 
and  School 

Aberdeen  Proving  Ground,  Md  21001 


'Forwarded  liertwlth  i«  Ajoendoezit  No.  15  to  NRC  Byproduct  Material 

Lloaiiae  Ho*  01-08861-01  for  U.  S.  .Amy  Ordnance  Center  and  School, 
Aberdeen  Proving  Ground,  Md.  4.' 


FOR  THE  MSPWK  CdlBF  OP  flJAFF  FOR  LOGISTICS: 


1  I&el 
kmrAmnt  No.  15 


Looel,  G6       .  1 
-'Chief,  PEMA  Executi  )n  Dlvlsioa 
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o  Section  II 

STATE  REGULATION 


If  you  are  locaUd  in  any  of  the  States  which 
tiarciae  regulator}*  authority  by  agreement  \^  ith 
the  Commission,  you  mu£t  apply  the  particu- 
lar State  regulatory  agency  instead  of  tho  NRC 
for  a  license  to  possess  and  use  ra(lioisot6pes. 
>*.Ji  Slates  are  called  "-Vgreemt-nt  States/* 
State  licensing  and  regulation  of  nuclear  ninteri- 
nis  under  agreement  with  the  NRC  was  author- 
ized by  Congi-ess  in  1059.  Twenty-one'  States 
(Alabama,  Arizona,  Arkansas,  California,  Colo- 
rado, Florida,  Ida  lio,  Kunsaa,  Kentucky,  Louisi- 
ana, Mississippi,  Nebraska,,  New  Ham])shire, 
New  York,  Noi-th  Carolina,  North  Dakota,  Ore- 
gon^  South  Carolina,  Tenneseee,  Texas,  and 
Wailungton)  had  concluded  agreements  with 
tlie  Commission  by  mid  lOCO,  and  24  others  had 
enacted  legislation  authorizing  such  agreements. 
(Names  and  addresses  of  Agreement  State  regu- 
latory agencies  are  listed  in  Appendix. A.) 

The  NRC's  Division  of  State  and  Licensee 
Relations  cooperates  closely  with  the  Agreement 
States  in  the  development  and  execution  of  their 
regulatory  programs.  A  continuing  objective  of 
this  coordination  is  to  maintain  compatibility  of 
thp  State  programs  with  the  NRC  program. 

Ths  Agreement  Statos  already  are  responsible 
for  issuing  over  40  percent  of  all  current  licenses 


for  the  use'  of  radioisotopes.  Tho  States  also 
have  jurisdiction  over  the  use  of  other  sources 
of  nuKrttion— radium.  X-rays  and  accelerator- 
produced  radioisotopes — which  ars  not  covered 

by  the  I^clear  Regulatory  Comrriission.  Agreement 
State  authorities  carry  out  angDn^si^  inspection 
program  to  determine  whether  licensees  are  com* 

plying  with  the  State's  regulations  and  the  re- 
quirements of  their  licenses. 

Licenses  issued  by  Agreement  States  are  rec- 
ognized by  the  Commission  as  general  lu^enses 
to  conduct  the  same  activity  in  non-agreement 
States,  subject  to  pertinent  provisions  in  NRC 
regulations,  provided  certain  conditions  are  met 
The  Agreement  State  licensee  must:  (1)  x^sgia- 
ter  with  tlie  NRC  prior  to  engaging  in  activity 
in  the  non-agreement  State  by  filing  NRC  Fonn 
241,  "Report  of  Propose<l^  Activities  in  Non- . 
Agreement  States'';  (2)  dispose  of,  or'  transfer 
nidioactiye  material  only  to  persons  specifically 
licensed  to  receive  it  or  who  are  exempted  from 
licensing;  (d)  possess  or  use  materials  in  nonr 
agr^ment  States  as  authorised  by  the  Agree- 
ment State  license  no  more  than  20  days  in  any 
1^2  consecutive  months.  Agreement  States  recog- 
nize NRC  licenses  under  similar  reciprocity  ' 
pitxredures. 
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Section  ill        ^     ■  : 

SAFETY  STANDARDS  AND  REGUUTIONS 


In  applying  for  a  license  to  us©  rmdioisotopes, 
you  « .11  need  to  understand  the  radiation  safety 
stand  trds  and  certain  other  regulations  issued 
by  the       .  These  rules  are  designed  to  protect 
workers  and  tV>  general  public  from  harmful 
exposure  to  radiation.  They  have  been  adopted 
'>y  the  C  >mmission  as  the  basis  for  its  1ic«  .isiug 
lUv^  saiety  controls,  in  accordance  with  the  pro- 
visions of  the  Nuclear  Regulatory  Commission 
lor  protecting  health  and  safety.  The  regula- 
tions are  published  under  Title  10  of  the  Code 
of  Federal  Regulations. 

The  following  regulations  relate  to  radioiso* 
tope  licensing  ttid  safety : 

lu  CFR  Part  20,  "Standards  for  Protec- 
tion Against  Radiation,'*  which  contains 
standards  of  safety  applicable  to  all  per- 
sons possessing  or  using  licensed  radio- 
active materials.  This  is  the  basic  radiation 
safety  regulation. 

10  CFR  Part  30,  "Kulos  of  General 
'A^/plicttbility  to  Licensing  of  Byproduct 
Material,'^  which  contains  the  btsic  rules 
for  licensing  of  radioisotopes,  but  certain 
^aspects  of  byproduct  material  licensing  are 
dealt  with  in  Parts  31  through.  36.  These 
different  aspects  are  indicated  by  the  titles : 

10  CFR  Part  31,  "General  Licenses  for 
Certain  Quantities  of  Byproduct  Material 


*For  tilt  eoarealeoec  of  lleeDt^et  deilrlng  loch  ft  fterTlce. 
tke  NRG  proTkI«ft  prompt  distribution  of  ftll  rule  chftoffet 
tkrougta  tk^Qoyemment  Trintlnt  Ofict  on  ■  Jiubicrlpaon 
bt^ln.  The  ttrrke  roiKlitti  of  ft  complete  loose  Itat  vet  of 
NRG  KalM  ftud  KffifuUtlciH  (Title  10.  Chftpttr  1.  Code  of 
Fe<erftl  XeculatloDt)  tad  niilacement  patet  reAeetlof  ftinend 
m%mt»  to.HTocUve  rales  aad  proposed  rules  M  ther  are  itub- 
Usbsd  la  the  rederarHefflxtsr.  keeplnr  tlie  ast  up  to  dAte. 
la  addiU«B  to  th«  rules  and  recuUttoas.  the  aer  laelades  a 
croM*rsftrtac«4  section  of  ststeMeota  of  coattderstlon  pub- 
Itilisd  at  tK«  tt«s  eack  regulfttton  was  Itsusd  or  amended. 
NRG  Ivlso  aad  Kegitlatloas.  Incluillnf  sU  replaecaient  pifes  ^ 
fsr  f a  laMalte  period,  ma/  be  ordcrod  only  from  the  Super- 
lateadtat  of  DocunjCDtit.  Qovernnient  Prlotlat  Ot^ct.  Wssb- 
Isftoa,  D.C.  30402.  The  pries  U  $7  00  (12.00  additions!  for 
foMffamUlat)'  ^ 

MS-IM  0--e«  2  . 


and  Byproduct  Material  Contamed  in  CSer* 
tain  Items." 

10  CFR  Part  32,  ^'Specific  Licenses 
Manufacture,  Distribute,  or  Import  Ex- 
empted and  Generally  Licensed  Items 
Containing  Byproduct  Material." 

10  CFR  Part  33,  "Specific  Licenses  of 
Broad  Scope  for  Byproduct  Material." 

10  CFR  Part  34,  "Licenses  for  Radiog- 
raphy and  Radiation  Safety  Require- 
ments for  Radiographic  Operations." 

10  CFR  Part  35,  "Human  Uses  of  By- 
product Material." 

10  CFR  Part  36,  "Export  and  Import  of 
Byproduct  Material."  * 

10  CFR  Part  7i,  "Packaging  of  Radio- 
active Material  for  Transport" 
These  regulations  prescribe,  mmong  other 
things,  the  kind  of  information  which  must  be 
submitted  to  the;  NRC  by  applicants  for  licenses 
in  the  respective  <jategories;  the  criteria  for 
radifi;:ion  protection^  the  criteria  for  approval 
of  license  applications;  rules  pertaining  to  the 
transfer  of  licensed  materials;  record-keeping 
requirements,  and  rules  plating  to  the  amend- 
ment, modification,  suspension  or  revocation  of 
licenses. 

.  In  developing  NRC.  regulations  6n  radiation 
safety,  the  Commission  is  guided  by  the  recom- 
mendations of  the  Federal  Radiation  Cou»^l, 
the  National  Council  on  Rac'iation  Protection 
a|itl  Measurements,  and  the  International  Com- 
mission on  Radiological  Protection.  Industry 
representatives  and  other  interested  persons  are 
invited  to  .*^ublnit  comments  on  proposed  rules. 

N  The  NRC  Division  of  Radiation  Prcrcection 
Standards  continually  reviews  radiation  safety 
i-equireinents  and  makes  necessary  revisions  to 
kee|)  safety  regulations  abreast  developments 
in  tho  use  of  atomic  energy  and  inan^s  growing 
knowledge  about  tho  effects  of  radiation. 
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Section  IV 


YOU  MAY  NOT  HAVE  TO  GET  A  SPECIFIC  LICENSE 


Many  prospective  users  of  ntdiotsotopes  will 
not  liave  to  obtain,  specific  licei^ses  because  of 
exemptiom  applying  to  particular:  kjnds,  quan- 
tities  and  u->cs,  or  be^tause  of  ^en^'oZ  licenses 
whidi  penult  possession  and  use  pf  specified 
nidioisotopes  within  sUted  limitations.  Both  the 
g»  neral  licenses  and  the  exemptions-are  pub- 
lished in  the  regulations.  Pertinent  parts  of 
the  regulations  are  reproduced  in  Appendix  C 
(for  general  licenses)  and.Appendix  D  (for 
exemptions). 

A.  General  Licenses 
.  General  licenses  are  effective  without  the  he- 
ceesity  for  applications  or  the  is^ance  of  licens- 
ing documents  to  particular  persons.  A  geneJral 
license  permits  the  possession  and  use  of  speci- 
.fied  .tinds  and  quantities  of  *  radioisotopes, 
subject  in  some  cases  to  certain  regulatory  re- 
quirements. In  some  instances,  registration  with 
NRC  is  required  to  use  radioisotopes  under  a 
general  license. 

Most  materials  and  products  available  under 
a  general  license  and  the  limitaticms  upon  quan- 
tities and  uses  are  listed  in  Part  31,  "General 
Licenses  for  Certain  Quantities  of  Byproduct 
'  Material  and  Byproduct  Material  Contained  in 
Certain  Items."'  (See  Appendix  C.)  Radioiso- 
topes which  may  be  used  under  general  licenses 
are  for  the  most  part  incorporated  in  products, 
devices  or  equipment  manufactured  under  spe- 
cific licenses  issued  by  the  Commission,  or  by  an 
Agreement  State.  If  you  want  to  use  a  commer- 
cially distributed  device  containing  radioiso-' 
topes  in  an  industrial  operation, 'your  supplier 
should  be  able  .to  tell  you  whether  it  is  dis- 
tributed under  a  general  license  and,  if  so,  the 
conditions  under  which  it  is  to.  be  used.  For 
eiample,  certain  equipment  purchased  under  a 
general  license  must  be  installed  i>y  the  manu- 
facturer or. distributor,  and  after  installation 
the  device  may  not  be  transferred,  abandoned, 
or  disposed  of  except  by  transfer  to^persons 
specifically  licensed  to  receive  it 

There  tro  olhcr  general  licenses  l>esidi'j>  those 
included  in  Paii  31.  A  t<eneral  ficciise  for  medi- 


cal use  of  limited  quantities  of  designated  tadio- 
isotopes  is  contained  in  Part  35,  **H|uman  Uses 
of  liyprod\^ct  Mati?rial,"  which  lists  the  rou^ne 
diagnostic  procedures  authorized  .under  thi3 
general  license.  General  licenses  for  the  expOrt 
of  specified  kinds  ^and^ quantities  of  racfio-' 
iso^»pes  are  published  in  Part  36,  "Export  and 
Import  of  Byproduct  Material."  Importation  of 
certain  quantities  of  radioisotopes  is  permitted 
under  a  general  license  .contained  in  Part  31. 
^(All  of  these  are  contained  in  Appehdix  C.) 

Users  or  prospective  users  of  radioisotopes 
should  acquire  an  understanding  of  the  regula-! 
tory  provisions  relating  to  theii;^  use  of  byij ' 
product  material  because  the  use  of  radioactive 
material  is  subject  to  some  reqi\irements  imless 
the  use  is  under  an  exemption  froin  licensing. 

B.  Exemptions' 

Tlie  e.xemptions  from  licensing  requirements 
ai»e  set  forth  in  detail  in  Part  30,  "Rules  of 
General  Applicability  ttf  Licensing  of  By- 
product Material.  (See  Appendix  D,)  Df  par- 
ticular interest  may  be  tlve  exemptions  forsmall, 
quantities  of  certain  radioisotopes  when  incor- 
porated in  si)ecified  products.  The  manufacture 
and  distribution  of  such  products  are  generally 
subject  to  s()eciHc  licensing  requireihents.  An* 
example  of  a  product  containing  radioactive  , 
material  which  is  exempted  is  a  watch  whose 
hands  and  dials  arc  made  luminous  by  applica-  , 
tioii  of  the  radioisotope  tritium  or  promethiuni-  ^ 
147.  The  numufactuTtr  of  luminous  wutch  dials, 
however,  innstlx*  specifically  licensed. 

Kxeinptioiis  froiii'licensiiig  xequireincnts  arg 

based  mainly  on  a  determination  by  tJie  Com-  ^ 

nii.ssion  that  the  exempted  classes  or  quantities 

of  byproduct  material  or 'kinds  of  u^s  or  uscrf 

\\ill  not  rons-titute  an  uni*easonable  risk  to  the 

fonmion  defense  and  security  ovio  public  health 

ami  safety.  Aiiy  interested  i)erson  inay  apply  to 

the  Cominissioir  for  exemption  of  a  pa^icular 

class*  quantity,  of  use'of  radioifiotoped, 'under 

the^c  criteria*  or  the  (commission  may  make  an 

V  .         .  .  .  .  ^. 

exwnptioii  on  its  own  initiative. 
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Stction  V 


QUALIFYING^  FOR  A  SPECIFIC  LICENSE 


If  jrofi  deeire  to  poeseas  and  use  radioisotopes 
hi  A  manneft,  form  or  quantity  not  exempted^  ^ 
fmiTr*Hcenfingf  and  not  covered  by  a  general  / 
Uoen^,  you  will  have  to  apply  for  and  obtain  ; 
a  specific  license  frcun  the  Commission  (or  an 
Afreement  State)  issued  for  specified  uses.  (The 
applicant  may  be  an  individual,  firm,  corpora- 
tion, association,  public  or  .private  institution 
or  agency.)   ^  *  » 

A.  Prcparins  .cm* Application 

Here  is  how  you  gp  about  applying  for  a 
license  to  use  radioisotopes : 

Your  application  ordinarily  sfa&iild  be 
submitted  on  Form  NRC-318y  the  basic 
application  form  for  byproduct  material 
licenses.  (There  are  otherapplication  forms 
for  special  purpo^)  Form  .NRC-318  is 
accompanied  by  a  sheet  ot  instructicMis 
which  you  should  fdlow  closely  in  prepar- 
ing your  application.  (A  completed  sample 
•  '  Form  NRC  -313  is  reproduced  in  Appendix 
E|  with  the  instruction  sheet.)  Supple- 
mental ^eets  may  be  attached  to  ^Form 
NRC  -313.  Application  forms  may  be  ob* 
tained  by  writing  to  the  Director,  Di\d- 
sion  of  Materials^  Licensing,  U.S.  Nuclear 
Regulatory  Commisstqjft  Washington*  D.C. 
20546.    t  * 

In  filing  your  application,  you  should 
subpit  two  copies  of  Form  NRC  -313  and 
two  each  of  the  supplemental  sheets  or  *^, 
.  othir  attachments.  You  should  keep  at  least 
one  cwnplete  copy  of  your  application  for 
your  files  because  the' license  usually  re* 
quires  that  you  follow  the  procedures  and 
limitation's  set  forth  in  the  application.  It 
also  will  come  in^  handy  if  you  need  to 


obtain  an  amendment  to  ypur  license  at  any 
-  time  and  when  you  apply  for  renewal. 
Depending  upon  the  complexity  of  your 
proposed  operations,  you  may  need  to  sub- 
mit comprehensive  supplements  describing 
your  procedures  and  otTier  pertinent  facts. 
The  information  you  give  on  FormjNRC* 
313  is  evaluated  by  the  !nrC  to  detemjine 
whether  you  have  the  necessaty.qualifica-' 
tiona  to  condifct  your  proposed  operatioiui 
in  compliance  witJi  the  Commission's  safety 
standards.  While  you  must  state  the  pur- 
/  pose  for  whibh  you  intend  to  use  radioiso- 
topes, it  should  be  understood  that  the'NRC 
in  issuing  a  license  does  not  pass  upon  the 
technical  merit  of  yourproject,  but  is  con- 
cerned only  with  its.  sa%ty— except  that  in 
the  case*  of  niWGcal  usee,  radioisotopes  are 
pot  authorized  for  routine  administration 
to  humans  unless  it  has  beea  demonstrated 
through  research  that  they  an  likely  to  ac- 
complish the  desired  results.  Applications 
f or- nonroutiiie  medical  uses  of  radioiso- 
topes  are  reviewed  by  the  Commission's  Ad- 
visory Committee*  on  Medical  Uses  of 
Isotopes, 

The  NRC 's  safety  eVkluation  of  your  ap- 
plication is  made  on  the  basis  of  your  train^ 
ing  and  experience  and  the  i;istrumentation, 
equipment,  facilities  and  procedures  you 
propose  to  use  for  radiation  protection  and 
'  waste  disposal.  It  is  import|nt,  therefore, 
for  you  to  present  the  required  information 
accurately,  clearly,  and  completely.  If  your 
employees  are  to^  ImUdle  radioisotopes,-  they 
must  also  have  adequate  training  and 
ex[)eriencc,  and  this  mu^  be  shown  in  the 
application.  In  some  coses  a  member  of  the 
NRC  regulatory  staflf  may  visit  an  appli- 
cant's plant  or  laboratory  before  action  is 
taken  on  his  application.  > 


Training '  in  basic  radioisotope  han- 
.    dling  techniques  should  include  trwning  in 
(a)  the  principles  and  practices  of  radia 
tion  safety;  (b)   radioactivity  measure- 
ments, standardization  and  moniti)ring 
teclmlqnes  and  Instruments,  (c)  mathemat 
ics  and  lalculatlons  basic  to  the  use  and 
meaeurenient  'of  radioactivity;  (d)  bio 
logical  e^ts  of  radiation;  and  (e)  the 
handling  or  use  of  radioisotopes  commen  , 
surate  with  the  types  and  quantities  to  be 
employed  in  the  program.  The  extent  of 
experience  and  training  required  is  based 
upon  the  nature  and  complexity'  of  a  given 
program. 

The  application  must  include  your  name 
and  address  and  give  detailed  information, 
on  the  quantity,  type,  and  chemical  or 
physical  form  of  radioisotopes  to  be  yff£d, 
ahd  the  purpose  for  which  nadioisp^es 
will  be  upd, 

B,  Special  Lieensing  Guides 

To  meet  problems  peculiar  to  certain  cate 
gories  of  radioisotope  use,  the  NRC'  hits  pre- 
pared special  licensing  guides  to  assist  appli- 
cants  for  licenses  in  these  fields,  A  prospective 
user  of  radioisotppes  in  any  of  these  categories 
should  obtain  the  appropoafe  NE  C  licensing 
guide  and  follo^  its  instructions  carefully  in 
preparing  his' application.  He  may  have  to  Us^ 
a  special  application  form^  which  will  be  iiidi 
cated  in  the  particular  licensing  guide  dealing 
.with  his  field  of  interest. 

Single  copies  of  these  special  guides  may  b^' 
obtained  at  no  charge  by  writing  io  the  Direc- 
tor, Division  of  ^  Materials  Licensing,  U,S. 
Nuclear  Regulatory  ComrAjssion,  Washington,  D*C. 
20646,  The  titles  are: 

"Nr6  Licensing  Guide— Medical  Pro* 
grams" 

"NRC  Licensing  Guide — Industrial  Radi- 
ography" " 

"NRC  Licensing  Guid^— Teletherapy  Pro- 
grams"      *  .  * 

*TrtlalDC  ma^  b«  ^UlDtd  by  attendl&r  colUgt  or  unl' 
vtrattjr  mnntn  or  abort  courtM  tpootfbrtd  the  BorMo  of 
a«dio{ofte«l  Hfaltb.  HBW.  ftockviUe.  llaryUnd  20850  or 
t^tl  Tralnloc  Oltiilpo.  Otk  Kldft  Attodat«d  UntrertltlM, 
P.O,  Box  til,  OaJc  Rldft^^tDDCMM  37t30.  Couriet  In  tht  ute 
Ajid  operation  of  UduttrjiLl  ftiigct  or  indlography  tqulpootnt 
aroftTtllablt  froot  comp^toiet  wMch  dlatrtbute  thlt  equlpooent. 


EOW  ro  GET  A  UCENSE  TO  USE  BADI01S0T0PE8 

'  C.  The  License  and  Ifs  Provisions 

If  your  application  is  approved,  the  Commis- 
sion wifl  issue  yoa  a  Byproduct  Material  Li- 
cense, Form  NRC  -374,  As  a  licensee,  you  must 
'  confine  your  possession  and  use  of  radioisotopes 
^  to  the  locations  and  purposes  authorized  in  the 
license.  Authorization  of  locations  and  purposes, 
however,  may  be  quite  broad,  depending  on  the 
needs  of  the  licensee.  For  example,  locations 
authorized  by  an  NRC  license  may  be  anywhere 
in  the  United  States  (except  Agreement  States) 
if  circumstances  warrant 

Your  litfense  carries  with  it,  unless  otherwise 
provided,  the  right  to  receive,  acquire,  owh  and 
import  radioisotopes  and^to  transfer  them  to 
other  NRd  or  State  licensee^  authorized  to^r^- 
ceive  them.  Exports  of  radioisotopes  by 'license^ 
are  siibject  to  certieiin  restrictions  set  forth  in  thla 
regulations. 

The  Commission  may  incorporate  in  any^ li- 
cense addjtional  requirements  or  conditi&is 
deemed  appropriate,  or  necessary  to  public , 
,  health  and  safety  or  to  the  national  security. 

(A  sample  license  is  reproduced  as  Appendix 
'  F.)  ' 

D.  Special  License  Conditions  ^ 

Since  there  is  such  a  wide  range  in  the  khida 
of  radioisotopes,  tlieir  uses,  and  the  quantities 
involved,  individual  license  applications  occa- 
sionally present  unusual  considerations  that 
i*equire  specialized  licenses  covering  circum- 
stances not  contemplated  in  the  regulations.  In 
such  ca&es,  the  Commission  may  include  in  a 
particular  license  speciiio^requirements  covering 
those  matters'not  expressly  defined  in  the  regu- 
lations. If^  after  a  license  is  issued,  it  is  |ound 
that  some  aspect  of  the  licensee's  activity  has 
not  been  appropriately  covered  by  the  regula* 
tions  or  by  the  conditions  in  the  license,  the  Com- 
nnission  may  issue  an  order  imposing  additional 
i-equirementfi  upon  the  licensee.  On  the  other 
hand,  a  licensee  may  request  amendment  of  his 
license  to  change  or  eliminate  a  condition  when 
he  feels  his  opei-ations  warrant  such  co^iisider- 
ation.  ,  ' 


mesne  LICXN8S8 


E.  ^Expiration  and  Renewal 

The  term  of  &  Iicen«e  for  nuiioisot<^)es  may 
be  from  two  to  five  yeftrs,  depending  on  the  na- 
ture of  the  licensed  activity.  The  expiration  date 
of  a  license  should  be  carefully  noted.  When  a 
iicerme  has  filed  an  application  for  license  rt- 
netoalMda^iormore  before  its  empirationj  the 
essiiting  Heense  does  not  expire  untU  the  new 
appUcoHon  hoe  been  finatty  acted  upon  by  the 
Commission. 

An  application  for  renewal  of  a  license  should 
b^  filed  on  Form  NRC  -313  under  the  same  pro- 
ccdure  as  that  for  the  existing  license.  Informs- 
ticxi  contained  in  previous  applications,  state- 
ments or  reports  may  be  incorporated  in  the 
renewal  application  by  reference,  provid^  that 
^Uvh  references  are  clear  and  specific. « 

F.  Amendments  to  Licenses 

Application  for  amendment  of  an  existing 
license  should  be  filed  on  Form  NRC  -313  under 
the  umt  procedure  as  that  for  a  new  license, 


except  that  it  is  not  ordinarily  necessary  to  sub- 
mit a  completely  new  application.  In  applying 
for  an  amendment,  a  licensee  should  specify  how 
he  desires  his  license  to  be  amended  ana  the 
reasons  for  amending  it,  such  as  the  need  for 
additional  radioisotopes,  increased  quantities,  or 
the  like. 

Q.  License  Fees 

The  Commission's  relations  in  10  CFR  Part 
170  establish,  fees  for  certain  types  of  license 
Fees  are  charged  for  only  two  types  of  byprod- 
uct material  (radioisotope)  licenses— licenses 
which  authorize  the  possession  and  use  of  100,- 
000  curies  or  m^>re  in  sealed  sources  used,  for 
irradiation  of  materials,  and  licenses  whicli  au- 
thorize the  receipt  of  waste  material  from 
other  persons  for  die  purpose  of  commercial  dis- 
posal by  the  waste  disposal  lice^psee.  The  Com- 
mission is  continuing  to  study  the  subject  of  fees 
for  materials  licenses  not  covered  hyiiub  current 
schedule  in  §  170.'31  of  io  CFR  Part  170. 
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WITH  A  LICENSE  GOES  RESPONSIBILITY 


Wkjl6  tbfi,  NRC  decidet  that  an  tpplicant  is 
'  properlj  qtulifled  to  use  r«dioi8otopet  mmMj 
Lj  Tirtue  of  training  and  experience,  f adlitiea 
and  eqoipmenti  and  operating  prooedurea,  theee 
qualifications  do  hot  in  themaelves  aatore  safe 
use.  The  NRC  relies  <m  licensee  mansfement  to 
see  that  employees  use  radioisot<^>e8  safely  and 
in  accordance  witb^  the  requirements  of  the 
license  and  the  regulations. 

KainUining  radiation  safety  requires  respon- 
sible planning,  8u^eryisi<»  and  adherence, to 
safe  practices  on  the  part  of  the  licensee.  Oper- 
ati<mal  safety  is  goremed  by  two  factora.-The 
l(rst  consists  of  the  material,  equipment  anji 
^proc^ures  used.  The- second  ^oonsiits  of  the 
persons  who  use  the  material  and  equipment, 


which  includes  maintaming  sufficiently  trained 
personnel  Both  factors  are  under  the  control  of 
the  licensee.  Qperational  safety,  therefore)  is  his 
responsibility,  l^eriodic  checks  to  see  thub  em-* 
ploy^  are  following  management's  instruc- 
tions and  radiation  sai^ety  rules  are  essential  in 
maintaining  safe  operations. 

Commission  regulations  require  licensees  to 
maintain  certain  records  concerning  their  pro- 
gram. Managtoient  should  gire  particular  at- 
tention to  establishing  a^aystem  of  records  cor-  , 
ering'the  receipt,  transferj^'ezportj^nd  diyosal  . 
of  radimsotopes;  n^iation  exposure  of  perscms 
'  working  in  the  program,  and  surreys  made  to 
evaluate  radiation  safety* 
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FormNRC*313b(l) 


AppMdtx  E 


UNITED  STATES 

NUCLEAR  REGULATORY  COMMISSION 


INSTRUCTIONS  FOR  PREPARATION  OF 
APPUCATION  FOR  lYPROOUCT  MATERIAL  LICENSE 
FORMNRC.3I3  and  3l3o 


G&4EltAl  rHFORMATiON 


alM^U  niplin  r«m (4 RC-)13  is  4tuM  mi  tuMt  mduptt^U 

to  th«  Unlt»d  SUtM  NuctMF  RtgUitor  Commission.  Th«  applicant 

ilMttU  m4mvw  u  c*v«r  Ui  vitlr*  raiiiiiitipi 

A^^liCA(iMI«     pMriUc*    IWwWW^  MpSfM4  tpyMcttiMS  ihMlM  b9 

■Mfc«rftti<  far  niica!  nbthmyy  uti  mmm  irndUUn.  Sap- 

m  •ddtyUimuuntt  9fikt  ketnm  Utmw  9( ikt  ttrrm^n^tnct 
Wdm^Wlwi  Uit  awiHratiwi  }m^\im      W tlw  ipadal  mm  MtA 

1  laAvtml  R>A^ra»hy-** lie  wwwl^  HtmpiaMrtt  Ibr  Iji- 
^  far  Hi<ofra>fcy); 


2  TiftUthara^y- 
Profrtiw;'* 


'licMiUf  R>quiri— ti  for"  T»k<Wify 


3  Broad  Uctnw  (raMtrch  and  dava>opawtH*'Tlriaiiat 
RaquirtMMU  for  Qroad  LiMMai  for  Raaaardi  and  Otvil< 
opcaant;**  aad  '  .« 


i  BroJucMat  (madical  uaM>— *'IieaaaUif  Rmiif—wli  for 
Broad  Magical  Uat.**  ' 

* 

Midicm!  rtqunt  i»  mmde  for  %  hummn  mm  9(  fSoimtopm.  Two 
oofiat  of  t)M  conplatad  For«  NRC-313  attd  3l3a  (if  a  wrfeal  a^ 
plicatSoa)  and  ti»b  copiaa  of  aadi  aAdoaura  tlnw<o,  Jmild  W  aMt . 
to  ^ha  U^.  Nuc  aar  Rafuiatory  Commlulon,  DIvtsfon  Of  MatarJais 
LkaiMinf.  WMhUkcto*.  D.C.«  90645.  Ona  co^  ihouU  ht  rataiMd 
for  tbt  appQcaat'a  fiU. 


EXPlAKATiON  Of  FORM  nrc-313 


1  (a)  rU  -aii^kantr  H  tJia  *  orffaltaflon  or  parton 
lagi^lly  ratpontibla  far  poaacaaioiv  and  vaa  of  tba  Wy- 
pradvet  maUria!  gpacMad  In  tha  appUcatioM. 

{k)  Ind^aU  othar  addrfaa(aa)  at  ^whieh  lyproduci 
tnaUria!  w^ll  W  ^w^^t  dtffcrtnt^  f rtm  that  liatad  in 
l<ii).  A  pott  office  kox  number  ia  not  aecaptabk. 

S  Tha  "dapartment**  is  th«  dapartmant  or  aianijar^b- 
'   Jliviaio^  where  tlie  byproduct  material  willlia  uaad. 

%  8elf*expli|natory.  « 

«4  The  *^ndivtdual  uaar"  1%  the  parson  experienced  In  u^' 
fWid  aafe  handlinir  of  radioiaotopes.  //  ikt  upplicntio^, 
U  fir  *'kHmaii,H»t,*[  tkt  t>dtWtfuai  Mjar  miut  b4  a  pAy- 
titUn  Uetntt4  by  a  Stmtt  ar  Ttrrittry  •/  (A«  UnlUH 

>  SUUi  {9^d'nt)Hn»9  tin^gg  m  (A*  prmetict  of  mtdteint 
mnd  ku¥M^  txtnuO^  txptritHKt  /ar  rocA  prcpo*9d 
r^ieaf  «ar. 

i*8a)f Explanatory.   '  .  , 

i  (a)  List  by  name  aadt.radioiaatopa'drslrad,  |uch  as 
*   "Carion  Ur  "Cabalt  tO/'  etc 

Lut  chemica)  an//or  phy*isieal  farsA  for  4tk  radio- 
laatapa  and  the  (|«antity  6t  aacA  which  tha  applicant 
)laa4raa  to  paaaeaa  at  any  ana  time*  If  mora  than  one 
^ehawiical  or  ^hyakal  farm  of  $  particular  radioiaotope 


ia  desired,  a  $9p€nU4  poeatsetow  limit  akavld'ba  atatad* 

for  each  form.  For  example,  an  applicant  desiring  to 
^uae  two  chfmical  fonma  of  Iodine  ISl  must  specify  botk 
•forms  and  a poaacMion  limit  for  aacA  form.  Example: 


Iodine  131 
Iodine  131* 


Iodide 

jodinatad  Human  ' 

Serum/ Albumin 
Gaa       .  ^ 


10  millicurlea 
1  mlllicurie 


Krypton  t5'     Gaa       ^    ^  1000  milllcurief 

If  tha  byproduct  material  is  to  be  obtained  as  a  aeaWd 
aource(s),  specify  the  manufacturer,  model  tmmhtv'/ 
and  amount  of  activity  In  caM  sealed  aource.  Example: 

Cobalt  CO   3  Scaled  Sources,  100  mc     300  m ill icuriea 
each  (lao Corp.  Model, 

'  State  the  uaa  of  each  byproduct  material  and  chemical 
form  specified  in^Itam  C(a)  and  (k).-  If  the 'i<adioiaa- 
jtope  is  for  "human  uaa,**  dfa  not  e^mpltU  tkit  Um;  cam* 

pI*U  Form  N  RC-^i Ja,  Suppltmtnt  A^Hum^n  Utt* 

»' 

These  items  must  be  completed  for  «acA  individual 
named  in  lUm  4,  If  ^re  than  one  individual  U  liatad  ' 
in  Item  4",  ckarly  key  tha  namrof  each  individual  to  Uf 
A-xpcrianca. 


10-11  Self-expfanat^^. 
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HOW  TO  OET  A  UCINM  TO  XmU  KADIOISOTOPIS 


Apptodix  i^oMino%d  . 
fXKANATION  Of  FOUl  HRC)l)*^rPlEM»IT  A-44UMAN  U$€ 


I  r<4crftt  RtfwUtiMkt  fnM9  Uiat  Um  Mine  pkytkUn 
luTvt  wWtMU«l  tx^trkfict  in  Om  prtftni  «tt,  tht 
IkAAilinc        s^aiiiiiMrstiM  of  rUloUtU^  an< 

•ctivt  h^imU.  TIm  HiytirUa  mutt  fuiniA  miUMc 
tvidtiKt  tf  McK  mLftrkMft  with  hit  tppIkatiML  Sup* 
piMiint  A— Kumn  Ua»-*FM«  I  it  ptoviM  ftr  ton- 
vMiMtUy  prtttktiiif  Uittt  itUiU. 

4  Kant  or  4ttcriW  ttcH  diiiieat  Mt  ftr  ttdi  rt4ititoUpt 
mM  eji«mic«l  ftmVtMnltttrt^.  Litt  n^Mtffktl 
prt«tction  prtct4urtt  U  W  ftllovt4  in  tuAdtst  4cUiI 
U  ptrmit  a  rtalitUc  tvaluati«i  tf  Uit  ptUatial  radio- 
Itfkal  hatar^  < 

)  (a)  Dtatft  ftr  trtaUMM  tf  patitaU  will  4tptM  upon 
Um  ftiaical  Jv^cMtattf  Uw  mptMiUt  pfcyaidaa;  tht 
N  Ri^  it  oaiy  iaUrtttW  in  Um  pnptiirf  iUm#«  raiift. 
(4)  Ftr  t«ptr(iMnUl  prtfraait  or  ntw  aM  oautua] 
«M»  tht  maximvM  tJnirit  4oat  of  ra^ltmaUrial  to  bt 
a4»{iUtttrttf  aht«W  ht  iiidaM  tht  tpprtximatt 
■MiWr  an4  frt^iwy  tf  MKh  4ottt.  lUtUnalt  f?r  . 
Mtttaaily  high  ^ttagta  ihtaM  W  prMtjitt4.  TKt  pro- 
pttt4  utc  ihouM  ^  oatlint^  (a  Mail  dtwta ttratiag 
that  radioiorcal  htaith  taftty  U  tht  patitat  will  not 
W  }Mpardiwd.  If  tht  ut*  duptieattt,  or  it  battd  tn, 
a  «at  rtperttd  in  tht  ttehaical  liUraturt,  aa  aWtra«t 
*  tf  tuch  a  rt'port  or  arti<lt  and  t  Wkf  tUttattnt  at  to 
htw  tach  tttt  will  W  followtd  or  nwdiitd  will  i 


I  K«d)#iaotop«t  fumithtd  NRC  faeilititt  tra  pharma- 
ct«ti«ally  UNREFISED.  An  applicant  thoald  include 
.iafanaation  rtcardinf  proctttinc  tr  ttandardttation' 
prtctdurt  if  hyprodaet  ^itttrial  will  not  W  ahtalntd 
la  prtealibrattd '  form  for  oral  adminitt ration  or 
prteahhrmttd  and  tUniittd  form  Sot  partnural 
adaiinUt  ration. 


|*(t)  Olvt  tht  aaat  aad  Mnmim)  tf  tkt  httpitaXt) 
wWdi  wttl  adiait  yo«r  patitaU  tkat  havt  btta  tdmia- 

ik)  Suhttit  la  AipiicaU  a  eopy  tf  tht  radMo^etl  proUc- 
tita.iaatnetioM  funiitM  ta  tht  botplttl  pirnaiiill  rt- 
ftrdkii  IW  cart  tf  patitaU  ta  wham  tadtibatipii  bavt 
htta  admiakt4r«d.  «  Attack  akt  a  Utt  tf  radUtioa  «• 
atfumtalt  ytu  wiU  aukt  tvaOaUt  to  tht  hotjUtaL  ,  i 

•  f  {€),  {k)  To  bt  corapltttd  hy  utiaff  phytidan.  ' 

10,  n»  It  ia  rteomaMndtd  that  tl^at  itamt  bt  compkttd  by  ^bt 
IS    applicant  phyaidah't  praecptor  in  tht  medical  uteiof 
radiottotopta.  Tha^prtctptorinf  phytldan  it  utoa|l^ 
tht  chairman  of  tht  mtdieal  itotopca  eommittet  of 
tht  inatitution  whtra  dinlcal  cxptrienct  was  acquired.  > 
Uowtvtn  tht  preceptor  may  bt  a  ttalf  phyficitn  cxp^^ - 
ritnetd  in  tht  clinical  aat  of  radloltotopes  under  whom 
tht  oiinf  phyaician't  radloiaotope  trainlnf  and  experf* 
tnct  wat  acqu{r«d.    If  pottlble,  the  utlnc  phytician'a^ 
antirt  clinical  radioisotope  experience  should  be  in*l 
eluded.  Additional  comments  may  be  presented  in  the 
^pace  prtvided  on  paft  4.  ^ 

NOTC — r#r  ifsdica/-/a«(i(vtttiia/  Type  ffgrmm 

I  List  tht  names,  medical  tpteialties.  and  radioisotope 

experience,  if  sny,-  of  each  member  of  the  local  isotope 

eommittae*  ,  * 

t  State  fht  procedures  fhe  local  isotope  committee  wilt 

list  to  control  the  procurement  and  to  approve  uses  of 

radioiaotopcs  at  the  institution. 
I  Submit  a  copy  of  mat  ructions  given  to  nurse^ho  will 

cart  for  patients  conttining^  byproduct  material. 
4  Submit  a  copy  of  radiological  protection  rulea  and  pro* 
*'    eedurta  glvtn  to  indiv{d\itlt  uting  radioisotopes  at  the  , 

institution* 
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tow  TO  QKT  A  UCKN8X  TO  UAE  RAOIOIBOTOm 


Appendix  E*-Cofrfjhut^ 


«.  Mil  pill   m4  »ri»Ml  •!  ntfM  na 

^      ^^^^^^^^^^m     A^A^^A^A^^A^A  ,i-»J---*  

^^^^^K^^^J  M«VMtfV<nvn« 

4,  fc^rtW  •••ckI*'  >«*^>«i 

ouiAfiONor 

TtAIMNG 

ONTHC  JOt 

KMMMOOUtU 

Univ.  of  Michigan  -  Ann  Arbor 
—  «nd 

1  year 

Y«  N» 

0«k  Rldgc  Inatitutc^of  Nuclear 
Studies  -  0«k  Ridge*,  Termestee 
(both  courtes  covered  aub.jects) 

6  veeka 

Ym  N« 

N* 

®  M. 

wtftM  im»HHa  WAS  GAiNfo 


flOIOM 


131 
32 

i3tr 


MAXIMUM  A^tOUKT 


30  mc 

50  mc 

1  BC 

100  uc 


University  of  Michigan 


ORIHS 


ouuT>oN  o»  ijpftuNg 
i  year 


2  weeks 


Research  arjd  Teaching 
Plant  Metabolism 

Synthesis  -  labeled 

cooipounds 
Animal  Experiments 


l»  UOtofOM  OCTtOiON  »I^HUV<CNTS     f ft»  iWi  .f  >mti^) 


NUMift 

avanaKi 

iAOunON 

Mica  Instr.  Co.  Model  2 

Scaler  &  Model  3  Gas 
Flow  Counter 
Mlc^  Model  1  Scintil- 
lation Counter 
Ace  Instr.  Co.  Model 
*  H.  GM  Survey  Meter 

1  each 

X 
1 

♦ 

beta- 
gamma 

beta- 
gamma 
beta- 

scHiirivtry  «AHC€ 


0-50  mr/hr 


wiNOOw  rwcxNiss 


Measuring 

Measuring 

Stirvey 


I  MCMo^.moucNa,  A>«srAMOAiMUweMCA4JMAT»«»nt«uM(wnusrfOA*^  Survey  instnament  calibrated 
every  6  months  with  Co  6o  standard..    Measuring  Instniments  checked  as  needed  uslhg^ 
i-eference  sources  from  Rational  Bureau  of  Standards*  ' 


1}  rtMUOC<^  OOSMmtS.  ANOMO-AUAVMOCfOU«$US<0  fr«rRtoM^^^««M*<c«IAr.*M.ffW^f««»«,«r«.^Wi«p^J 

Film  badge  service  from  Johnson  Co.  *on  a  monthly  basis. 


IMrOtMATlON  TO  M  SUtMITTlD  ON  AOOmONAl  SMITS  M  DUKKATI 


 /  See  Attachment 


,14  tADlAriON  MOIf  CnON  nOC«AM     0«Mf*W  ^j^*^^  p*^h»^  ^•t^wn  mIv^  ^aMrsI  m«mw*«     If  c*y«r«  m«M  »««wcm,  ttAiM 


See  Attachiilent 


IS  WA$rf  MMQSAi     If  •  €9$^titf9t  wt-  ««#mc*  it  wpltfi<,  iMtV 

»     OHwiPltAwB  |vnit  I^^^R  mmm9 


'  \  See  Attachment 


JC  IHI  Am«CANl  AN*  ANt  OHtOU  tXICUflMC  mi  Cf  tlfnCATt  OM  MMA4I  Of  THf  AmiCA>#r  NAMlO  IK  lllA*-!.  WWY  THAT  tHIS  AmJCAIION  ti 
WA«D  INCOftfOftMITrWfrH  rmi  lO.  com  0#  HMIM  MOUIATIONI.  »Mir  3d  and  tMAt  AU  IMOtMATION  CONTAINIO  HtMlN.  INaUOINO  AW 

sumtMf  MIS  AftACMo  HCKro.  is  rtm'  and  coMca  ro  thi  Msr  of  out  tnowuoGt  am*  muh 


National  foundation  for  Rese^iirch^ 


David  A.  Gaunt 
^  —  ^^^ctor  of  Research 
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tAMTU  AmiCATlOK 


fMNRC  313 


UNITED  STATES  NUCLEAR  REGULATORY  COMMISSION 

ArruaitON  foi  lYPiooua  matbual  uonse 


INSTRUCTIONS.—Compiete  ittms  1  through  16  if  this  i$  an  inUlat  apphcatJon^or  rtntwai  of  a  ticins«.  InformatJon 
contained  in  prtvious  applications  filed  with  the  Commission  with  respect  to  items  8  through  15  may  be  incorporated 
by  reference  provl^d  references  are  clear  and  specific,  use  Supplemental  sheets  where  necessary,  item  16  must  be 
compiAted  on  all  applications.  Mali  two  copies  to.   U.S.  Nuclear  Rtguiatory  Commission,  Washington.  D.C.,  20545, 
Attention,  isotopes  Branch,  Division  of  Materials  Licensing,  Upon  approval  of  this  application,  the  applicant  wUi 
receive  an  NRG  Byproduct  Material  License.  An  NRC  Byproduct  Material  License  is  issued  In  accordance  with  the 
general  requirements  contained  in  Title  10,  Code  of  Federal  Regulations,  Part  30,  and  the  License  is  subject  to 
Title  10,  Code  of  Federal  Regulations.  Part  20. 


I.  I«|  NAMf  AN9  Smn  AOMtU  Of  Am>CA*« 


KAtlonal  Foundation  for  Reiearch 
20^2  Grand  Avenue 
hxA^rton^  Indiana 


}         UTMCWr  TD  UU  imOOUO  MATtilAl 
* 

Radiolaotop^ 


Chesteen  Craig 


(k)  smn  A»ottts<U}  at  wmch  irrtoooa  mathui  wui  ac  us«o  (if 
Same 


3  r«VlO0i  IKINSI  NUMM«(S)     (If      i«  « 

None 


Same  as  user 


*  l«t  •vfeooua  MAraiAi  Hi 


Ik)  CMMtCAA  AHO/Ot  IHniCM  POIM  AND  MAXIMUM  NUMMl  Of  MiUlCUtlCS  Of  CACM  CHCMtCM  >AHO/0«  I 
iCAi  fOtM  TMAj(  rOU  WHl  K>SSf  SS  AT  ANY  ONC  TIMC     (If  tM^  m««*(iJL  Wm  M  mm  W  «  ' 


A. 

Carbon  1^ 

A, 

B, 

Iodine  131 

B, 

C, 

PhosphonxB  32 

C, 

D, 

Cobalt  60 

D. 

E, 

Hydrogen  3 

E, 

Any  -  100  mllllcuries 
Any  -  50  mllllcuries 

^y  -  50  mllllcuries  ^ 
Sealed  Reference  Source  (Acme  Co-  Model  R-l)  - 
5  mllllcuries 

Tritium  Foil  (A&^i  Corp,  Model  508)  -  200  mllllcuries 


1.  DESCRIBE  PURPOSE  FOR  WHICH  BVPRODUCT  MATERIAL  WILL  BE  USED.  (If  byproduct  material  is  for 
'human  use.**  supplement  A  (Form  NRC-3I3a)  must  be  completed  m  Iteu  of  this  item.  If  byproduct  material  is 
in  the  form  of  a.-icaled  socurte.  mcludc  the  make  and  model  number  of  t|ie  c^gtainer  and/or  device  m  <ihich  the ^ 
souice  will  be  stored  and/or  used.)  .  y  • 


A. 
D. 
E. 


through  C.  Laboratol^studies  in  animals'  Chemical  synthesis  of  labeled  compounds. 
Instrument  calibration. 

-For  u^in  A&M  Corp.  Model'S  1 20  dptector  cell  used  in  a  gas  chromatograplj. 

■A  '  o 
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,     Appendix  E-^onfiiju^ 
'    SAMPLE  APPLldATION 

tORMNRC-313- 

Itea  13  '     *  ^ 

All  isotop«8  are  received  and  stojred  In  the  Radioisotope  Laboratory.    This  facility 
it  equipped  with  lead  storage  containers^  portable  lead  bx'lcks  for  shielding,,  re- 
■ote  handllfig  tongs,  work  benches,  tlnks,  trays,  waste  containers,  and  similar  equl|>- 
acnt.    See  attached  sketch  of  layout.    The  counting  room  next  door  contains  the 
measuring  instruments  and  the  room  Is  equipped  vith  table,  lahoratory  bench,  sink, 
and  waste  container*.    See  attached  sheet  for  animal  uses. 

Item  14  and  Item  15  ^ 

All  Isotopes  must  be  procured  by  the  purchasing  office  upon 'approval  of  the  Dlrec*^ 
to"^  of  Research. 

Isotopes  will  be  stored  in  a  locked  storage  container  In  the  Radioisotope  Labora-*^ 
6ory.    Only  persons  under  the  supervision  of  the  responsible  user  shall  have  access 
to  the  material s« 

Weakly  surveys  will  be  made  with  a  GM  survey  meter  in  all  areas^where  Isotopes  are 
handled,  stored,  or  dispensed.    Chemical  synthesis  of  labeled  compounds  or  any 
handling  of  bulk  radioisotopes  will  be  confined  to  the  radiochemical  hood  using  ap- 
propriate shielding  to  reduc^  radiation  levels.    Laboratory  coats  and  rubber  gloves 
will  be  worn  whch  processing  loose  materials  or  handling  contaminated  articles. 

All  repair  and  maintenance  of  sealed  sources  will  be  performed  by  the  X  Company. 
The  responsible  user  will  leak  test  the* sealed  source  by  using  a  dampened  cotton 
swab  held  by  tweezers  while  the  source  rests  in  the  recess  of  its  storage  container. 
The  test  sample  will  be  counted  in  the  gas  flow  counter;  ^ 

PROCEDURES  FOR  USE.  OF  BYPRODUCT  MATERIAL  IN  ANIMAL  RESEARCH  PROGRAMS 

All  samples  of  byproduct  material  to  be  administered  to  animals  will  be  prepared  in 
the  Radioisotopes  Laboratory  oti  easily  decontaminated  surfaces  or  in  a  ventilated 
hood  if  necessary.*    Rubber  gloves  4nd  laboratory  coats  will  be  worm  by  personnel 
during  these' preparations.    Remote  handling  tools  are  available  and  will  be  used 
when  necessary.    All  pipetting, of  radioactive  material  will  be  performed  with  a* re- 
mote pipetting  device. 

Experimental  animals. will  be  caged  in  a  room  belww  the  Radi^olsotopt  Laboratory.'  The 
aniiaals  will  be  Injected  with  byproduct  materials  either  in  the  animal  room  or  the  ^ 
Radioi^sotope  Laboratory.    The  animals  will  remain  in  cages  until  their  excretions 
contal^  only  background ^amounts  of  byproduct  material,  or  until  they  are  sacrificed. 

I    *  ^  '  -  I 

The  excreta  from  the  animals  will  be  disposed  of  into  the  sanitary  sewer  in  con- 
centrations not  exceeding  those  specified  in  Section  20.303  of  10,  CFR  20, .with  a 
total  diiposaVnot  to  exceed  1  curie  per  year.  '  , 

All  dry  byproduct  material  wastle  will  be  deposited  In  properly  labeled  metal  cans 
provided  in  t^e  laboratory  and  animal  room.    The  cans  will  be  lined  with  disposable 
polyethylene  bags.    Short-lived  waste  will  be  stored  until  it  emits  only  backgr^md 
levtls  of.  radiation  as  measured  A^ith  a  survey  meter  at  contact.    Th*  waste  will  then 
be. disposed  of  in  normal  trash  after  all  labels  denpting  radioactivity  have  been  re- 
moved. '  *t  • 
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HOW  Tb  <aT  ▲  JJCXNBB  TO  VU  IfDIOIBOtOraB 

Appendix  E-ConHnu^d 

Sftcrifictd  «aiMls  cooUining  •bort-liv«d  byproduct  Mt«ri«l  will  h%  atortdan  a 
fr«#s«r  until  thm  radiMCtivity  b««  dacmysd  to  tockground  «ad  thra  tbiy  will  b«  dis- 
poMd  of  in  norMl  tr««h.    Solid  Ipog-livod  v««t««  will  b«  ditpoiod  of  through  4  li< 
con««d  coMMrcial  v««to  di«pot«l  company. 

imiml  ccgof  will  bo  docootMinattd  with  dotorgent  and  icrub  bruthot.  Laboratory 
coats  and  rubbar  glovaa  will  ba  worn  by,  par«oonal .    Coptnaminatad  watar  will  ba 
fluahad  down  tba  sink  or  floor  drain*  in  tha  aniwl  roo«. 

Tha  aaiaal  rocn  and  laboratory  will  ba  sunrayed  for  contamination  and  radiation 
lavals  aftar  aach  praparation  and/or  adbinistration  of  radioisotopa^«  ,Tha  animal 
room  will  ba  lockad  unlass  attandad  by  an  authorised  usar.  of  byproduct  material. 
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lAMPUB  AmiCATIOK 


{6  0  0 

0  LIAD^ 
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DF380.  AIR  SAMPLING  • 
Air  Sampy.ng.  ^  ^ 

1.  Gaseous  Pollutants. 

Gaseous  pollutants  may  be  sampled  by  moni^toring  the  atmos- 
phere with  a  special  gas  monitoring  instrument  such  as  the 
T-290  (used  for  tritium  monitoring)  or  by  adsorbing,  ab- 
sorbing, freezing  out,  condensing  or- grabbing  a  sample  of 
the  atmosphere  or  environment  and  counting  it  on  an  ap- 
'  .propriate  instrument.    In  the  latter  techniques  the  volmne 
^of  the  sample  must  be  considered.         ♦    ;     <  ,  ' 

2.  Particulate  Pollutants. 

Particulate  pollutants  exist  as  small  particles  of  dust 
or  debris  suspended  in  the  air.    They  may  be  retained 
within  the  respiratory  tract  if  inhaled.    The  most  common 
method  of  sampling- for  these  particles  is  filtration.  ^ 
Necessary  apparatus  may  be  broken  into  three  general  groups: 
air  mover,  filtration  medium,  air  flow  measuring  device. 

a.  Air  Mover."  ,      *  '  %  ^ 

The  air  mover  is  a  mechanical  device  which  draws  or  pushes 
air  through  the  filtration  medium.    A  vacuum  cleaner  would 
make  an  adequate  high  volume  air  mover.    Commonly ^ used- air 
movers  are  manufactured  under  the  trade  names  of  "Staplex 
and  "Gelsen." 

b.  Filtration  Medium.  ' 

The  filtration  medium  may  be  cellulose  f ilter 'paj*!:,  in- 
'  organic  fibrous  mat,  felt,  dry  gel  filter,  or  any  other 

suitable  material.  ^^It  should  be  capable  of  trapping  and 
■  retaining  the  majority  of  particles  existing  as  contami- 
nation and  yet  it  should  not  greatly  reduce  the  flow  of 
air  through  the  system.    The  most  comTionly  used  filter 
media  are  fiber  glass  mats  and  filter  paper.    When  samp- 
ling is  complete  the  filter  is  removed  from  the  sampler 
and* the  quantity  of  cojitaminant" determined  on  an  appro- 
priate* instrument. 
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c.      Air  Flow  Measuring  Device.  \  ' 

In  order  i;o  determine  the  concentration  of  contaminants 
in  the  air  it  is  necessary  to  know  the  volume  of  air 
sampled.    A  conventional  device  for  determining  air  flow 
is  an  air  flow  meter  or  "visifloat."    These  are  an  inte- 
gral part  of  most  commercial  samplers.    The  flow^ meters 
are  calibrated  in  cubic  feet  per  minute.  -The  total 
^  volume -is  the  flow  rate  times  the  time  of  the  sample. 

Calculation.  f 

Xl      There  are  always  naturally  occurring  isotopes  pr^ent 
in  the  environment.    Radon  (^^^n)  and  Tl;oron  (^^n), 
are -naturally  occurring  radioactive  gaseous  descendant 
.  products  of  Uranium  238  and  Thoriuip' 232.    They,  along 
with  their  daugK^'r  P^o^^^tjs^  are^  found  throughout  the 
-earth's  atmosphere.  .One  must  always  considet  these 
when  determining  the  airborne  contamination.  .  L 
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Assuming  that,  the  man-made  coatami nation  is  long-lived, 
the  counts  due^i^^^f'adioisotopes  oa  the  filter  at  any 
time  after  ^arf^ing  has  been  stopped  may  "be  represented 
by  -^he  .expression  r  \  ^  ,  ^ 


.where 


'  counts  due  to  the  T.ohg-lived  isotopfe 
counts  due  to  thoron  at  time  sampling  stopped 


X;       =♦   counts  due  to  radon  at  time  sampling,  stopped 


decax  constant  of  thoron  series 


r 


\  =  ".decay  conftajit  of  radon  series 
Rn 

t  =    time  after  stopping  of Vir  sample  at' which. 
»  '  cc^^nt'  is  taken.    ^        .  t      .     *  ' 

Th^  radon  decay  series  decays  to  an  insignificant  amount  of 
radioactivity  4  hours\after  the  sampling  is  stopped  .  * 

and  =    C^^    ^    S'""^^'^  ^         '         •  /       -  ^ 

•  t:  .  =    su  count  taken  at  least  4  hours  after  the 
^         sampling  is  stopped  \ 

t     =    the  time  after  sampling  of  "count,  C  . 
1  ' 

If  a  second  dount  is  taken  approximately  20  hours  after 
the  initial  reading, the  number  cff  counts,  C^,  is 


where 


LL 


Tn 


where      '  t     =    the  time  after  the  sample  at  which  the  second 
^       '  count  was  taken.    "    *  - 
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By  transposing  both  equations  to  give    an  expressron 
f-or  C^^,  equating  the  resultant  expressions  and  solving 

for  Cj^  the  following  expression  resvilts., 

-yAt 


Cg  -  C  e 
C  ^ 


LL  •  -xAt 

1  -  e 

where  At    =    different  between  t^         t.^  (t^  -  t^). 

With  this  expression. and  counts  taken  4  hours  and 
approximately  24  hours  after  the  sample  one  cab 
determine  the  counts  due  to  the  long-lived  isotope,  ' 

The  exi^ession  may  be  simplified  to 

^LL    "        1-0   i 

vhere  0    =    eT^*     '  • ,         '  ' 

A  table  for  various  t^s  is  included  on  page  562^       '  ' 

To  convert  counts  per  minute  into  disintegi*ations  .per 
minute  per  milliliter,  the  following  equation  is  used: 

,  /  cpm(c  ) 

d/m— ml   —        ,  jjij  '  f  ' 

'    ^  ~       "    V  Jml)  X  E^^(j.collector).x  B^^^counter) 

Conversion  fa;^torJS  from  cubic,  feet  to  milliliters  - 
'(ft^)    X-   (2.^3  X  10^)    =  'ml 

where    d/m-ml    =j   disintegrations  per  minute  per  cubic 
'     "        I  centimeter        v '  '  \  \ 

cpm    =  I  counts  per  minute  due  long^^lived. material 

V  (nil)  =  Voiunre  of  air  sanfpled  in  cubic  centimetei*}^ 

E^^(collector)    =    effi,c>iency  df  collector  *  - 

E^^('Counter)       =    ef-ficiVncy  of*  counter  (geometry)  * 
556,  ,      ■       .  \ 


To  convert-  disintegrations  per  ndjaute  per-  ml  into 
riiicrocuries  per  milliliter,  the  following  is  used: 

Cd/m-ml)(i*.505  xlO'"^)  =    tiCi/mL  " 

where  '  nCi/ml',  =    microcuri'e's  per  milliliter. 

The  three  equations  listed"  above  may  be  combined 
into  one  equation,  if  desired. 

^^CiM    =  .  Cl  -       (V    3    X  E^^  X  E^^;      .  , 


cm 

NOTE:    V  is  geriersLtly  expressed  in  ft^  |o  tjie  conversion 
.    to  cm^  is  ft^  X  2.83  X,  10  .  ■  . 
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'student  Ferformanoe  Objectives. 

A,      Given  standard,  air 'sampling  eqjiipment,  set  up  and  perform 
routing  air  samp?:ing  operations.  • 

5,      Given  ^standard  air  sampling  equijSment  after  routine  air 
sampling  operations,  safely  remove,  cut,  and  prepare  the 
air  sample  filter  for  counting. 

^%   ^  Given ^  the  prepared  air  'sample- -filter  properly  cut,  pei»form 
required  radiation  cpunting  'on  this  filter.' 

D.      Given  the  counting  data  from  an 'aij^/s ample  filter, ''perform 
'  •  requir^ed  calculations  to  .determ'ine  the  JL^ong-live^d- activity. 


,  Table  of  e~^*  or  fi 
as  a  Function  of  At 


Uae  X  -  "0.0(6$.  (thorium). 

Round  off'  exponents  to  .the  ng aresli  one  'hundredth • 


At    I t) 

u  u  Xll  flOuXo 

At  in  hours 

At  in  hovers  ' 

'  'P 

1 

» 

17 

,33 

.11533 

o 
c 

•o7oOy 

•18 

.  ..30728 

.3li 

.10753 

•olo73  . 

-  '19 

.28938 

35  * 

-10127 

)i 

•77105 

* 

20 

.26982 

•>36  ' 

.09iaj2 

•7203-5    . . 

21 

.25158 

37  ' .  , 

.08892 

6  - 

.67706^  ^ 

•  .  22  ' 

.236^3 

38. 

.08291 

7 

.63128 

■  23 

.22313 

-   ,  39 

.07808 

9 

.59li52 
.?51i33 

'2li 
.25 

.20805 
.193^8 

•  ho 

.07280 
.C6788 

10 

.  .51685 

_  .-18268 

I12 

.06393  ■ 

il 

''^Ii8675  ■"  , 

2,7  . 

'  .17033 

■  "  li3 

.05961 • 

1? 

■  :ii5381i 

28., 

.  .i6oia 

.05613 

13 

.iiS7ia,, 

29- 

# 

•  .111957"' 

'li5  •  . 

.0523I1  ' 

111 

30  - 

■  .139116 

I16  \ 

.0li929 

15  '.. 

^37531 

'  •'   "31  • 

,  .I313I1 

li7  • 

.0^596  " 

16 

•  .  .3li99li^ 

3?;  ; 

.i^2li6 

 i — 4- 

;    '  .I18  • 

.Oli328. 

■1 
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in.    Problems.   .  ■*  <r  , 

Class  and  .Home  Study  Problems.  -  •  • 

1      An  airborne  sample'  gives  a  couijt  of  U03  cpm  after  k  hours. 
At  26  hours  the  count  was  393  cpm.    The  background  cotint 
■  '     *         -was  3  cpm'.»  The.  collector  was '75^&  efficient.    The  volume 
of  air  filtered' was  6,000  ft^.  "  The.  counter  was  10^ , 
efficient. 

'    a.     What  is  the  airborne . concentration  of  the  isotope 
'  '    .        .  in  }JiCi/ml?  r 


^  b.     If  the  isotope  is  Imown  to  be  _^^^Pu, -insoluble,  is 

'  .  the  -concentration  .within  the  established  lipit  in 

"  .  a  restricted  area?     .     ■      .  .  ^ 


540 


O  56'3" 

EMC      •  : . 


c.      If  the  isotope  were    ^^U,  soluble,  would  the 
concentration  be  within  the  established  limit' 
in  a  restricted  area? 


An  airborne  sample  gives  a  count  of  ^1,000  cpm  after 
^  hours  •    At  2if  hours,  the  co\ant\/as  38,^00  cpm.  The 
collector  is  70^  efficient.    The  counter  efficiency  is 
10^  and  the  background  is  100  cpm.    The  ^ampler  was  in 
operation  5  minutes  at  a  flow  rate  of  20  cubic  ^  . 
feet  per .minute.  *  ^ 

a.      V/hat  is  the  airborne  concentration  of  the  isotope 
in  liCi/ml?        '      '  .     >  ' 


5U 
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b.     Could  this  room  be  used  if  the  isotope  is  Tungsten- l8i, 
soluble,  and  the  rpon  is  unrestricted? 

.      .         -  •  i 


A  sampl^of  airborne  contanination  vas  collebted  f'or  2  hours. 
The  sampler  filtered  to  cubic  feet  per  minute  \«.th  80^  effi- 
ciency and  gave  1050  cpm  4  hours  after  sampling  and  985  cpm 
1\  hours  after  sampling.  The  background  was  10  cpm  and  the 
counter  elficiency  vas  9^.  Further  investigation  showed  that 
the  contamination  was  a  soluble  beta  emitter  with  at  2.3 
Mev  and  half -life  of  6l  days.  ,  It  was  found  t<p  be  Antimony-12l^. 

Is  the  allowed  airborne  concentration  for  this  isoto'i)e  in  an 
unrestricted  area  exceeded? 
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*A  sample  of  airborne  contarqination  was  taken  using  a 
sampler  *^ith  the  following  characteristics^    II5  v,  .5-anip, 
3;000  rpm,  O.5  horsepower*    The  sample,  was  collected 
for  1  hour  on  a  Whatman  No  41  filter  paper  disk,  4  inches  ^ 
in  diameter.  '  It  has  b^en  determined  that  this  filter  Is 
90^  efficient,    Tae  flow  meter  on  the  sampler  indicated 
that  21  cubic  feet  per  tninute  wete -passing  through  it, 
A  2 -inch  diameter  disk  of  the  filter  piper,  ^counted  4  hours 
after  sampling,  gave' a  count  of  83-, 466  cpn.    After  27 
hours,  a  count  of  T8,150  cpra-was  obtained  on  the  sane  2-inch 
disk.    Counter  efficiency  was  5^  and  baclcground  wa^s  36  cpm. 
It  was  determined  that  the  contamination  was  soluble  lodine- 
i;31.    Does  the  iodine  concentration  exceed  those  for  an  u:rx- 
restricted  area?    .  > 


I 

I 


r 
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Your  are  on  a  project,  in  vhich  solAible  Manganese-52  -dust 
may  become  airborne/  Afe  a  check,  you  routinely  take  1,- 
hoiir  air  samples  uslJpg  a  saiapler  -which  filters  30  cfm  with 

efficiency^    You  use  a  counter  vitU  15^  efficiency. 
An  activity  du^  to  long-lived  isotope^  greater  than  a 
predetermined  number  of  counts , per  minute  indicfttes  a 
need  'to  restritit  the  area.    What      the  predetermiried 
nmber?  '  '      ,  ' 


0 


y 
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Solutions  to  Problems. 

Solutions  to  daas  and  Home  Study  Problems/ 

^  1.     a.     Detenoine  the  counts  per  minute  due  to  long-lived 
4  isotopes,  Cj^. 

'     ^  -   ■"■  1  -  d  

.  =•  393  -  3    =  390 

From  Table  (page  562)  0  for  4 1  of  22  hours. 
G  (26  -  If)  is  0.237.  •    .  .  . 

•  '    .      C      -    390  -  ■(0.237)f'KX)) 
''^LL  1  -  0.237 

•  ^  390  -  gt^.s 

•    '  0.763  '  . 

.    =    387  6pin.  ' 

^  .  Determine  the  disintegrations  per  minute,  Y,  due  to  ' 

the  long-lived  isotope.   -  ' 

■    •      *    ■  c__ 

Y   =  'd/min-ml   =   ■- — ^ 


Y  = 


Cj-j^  ■='  387  cpm 

V  =  6/000"  ft^ 

=  6^,000  ft^  X  2.83  'x  10  ml/ft^ 
=    75^6'  =  0.75' 

^fc     '^'^   ^\  ^'^'^  -^/"^  * 
'   387  C|^m        "  • 


6  X  lO^ft^  X  2.83'  X  10*^  ml/'ft^  X  0.75  x  0>,1  c/^ 

=    3.87  X  10  ^  -  \ 

b  X  2.a3  X  7-.5        ■  ' 

=    3. OU  x  'io"^  d/min-ml 


Convert  disintegrations  per  miUiliter-minute 
to  concentration,  Zr,  ih  microcurles  per.inilli- 
Xiter:.  •  '         _  ' 

=  3.0k  X  10"5  d/ml-miii  x  i^.505  x  10*'''  jiCi/d/min 
=    1»37  X  10'^^  Mdi/ml  V 

rliook  up  concentration  limits  of  insoluble  -'-^Pu, 
for  restricted  area,  in  Title  10,  Part  20,  App  B.       '  , 
It  is      X  10"^.    1.37  X  10^^^  jiCi/ml  does  not  ^ 
exceed  this.    It  is  within  established  limits. 

Look  ,up  allowable  concentration  limits,  for  soluble 

233U/  for  restiActed  area,  in  Title  10,  Pari  20,* 

App  B.    It  is  fx  10-^0  uCi/ml.     1.37  x  lO"  - 

}xO±/((tl  does  not  exceed  this.^   It  Is  within  established 

limits .  '  ^      I  . 

'  ♦       *  •  ^ 

(l)    Determine  the  counts  per  minute  due  to  long-lived 
.  isotope  (Cx,l)  .  ' 

'    Cll  -  "i 

■  Cj^.  =    i^l,000  -  100    =    i^b,-900  cpm 

;      ^2    ^    33,i^OO  -  100    =    33,300  cpm 

0  for  At  at  20  hoii^rs  (2i^---'  i^)  is  0.270 
(from  pkge  562) 

-  • '  '  - 

38 ,,300  -  (0.2T0)(i^3,900) 

■  Cll  -        "1  .  o.27p 

/  '       •        -  3?,  300  -  ii,Q-'^o 

0.73 

'  =    37,*^00  cpm 
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(2)     Convert  the  counts  j)er  minute  detected  to 
.  disintegrations  per  milliliter-minute,  Y,  ^ 
due  to  the  contamination. 


Y  = 


2b  ft^/min  x  5  min  x  2.83  x  10^  mly^t^ 
=    2.0  X  5  X  2.83'lx  10^ 


-    2.83  X  10^  ml 
E^^   ,^    70?&   =  0.70, 

E^^    =;    10^   =    0.1  c/d 

3.7^  X  10^  c/m 


<£■'=  r  

2.83  xlO   mL  X  0.70  x.0.1  c/d 
"3. Tit  - 

"   -2.83' X  7.0  .       ■  '     .  ■ 

=    i.'89  X  lO""'"  d/ml-min 

« 

(3)      Convert  disintegrations  per  .milliliter-minute,  Y,  , 

to  concentration  of  the  contamination  in  microcuries 
per , milliliters^  Z.  ^ 

Z    =•  (^^^505x  lo'"'  iJiCi/d/min)Y   ■  , 
'   ■     '    7    '*-505  x  lo''^'x  i.89  X  lO"-'-  ^ 
=  8:51^x^lO_^|iCi/ml 


Ch.eck  Tittle  ^10,  Part  20,- App  B,  Jbo  determine  the  maximum 
acceptable  'concentration  for  soluble  Tungsten- l8l  in  an 

uhrestricted  area.  It  is  8  x  lo"  |iCi/ml.  The  determined 
concentration  ^exceeds  this.    The  room  cannot  be  used. 

«  '  '        "    '      *" '"         "**  "* 

■  547    .       .  ' 
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Determine  the  coimts  per  minute  due.  to  the  long-lived^ 

isotot^e  C--. 

iiii  . 


*^LL    "       1-0'  C^^  '  =    1050  -  10    =>  lOi+O 

■    •  .       ,    c^*  =   985 10  ^  975 

ftOT  a  At  of  20  .hours  (21+  -  k)  is  0.270  (page  562). 
975  --  281 

^LL   -  _  0.73-    •  ,         '  ■ 

=  *•  951  cpm 

Convert  the  counts  per  minute,  to  disintegrations 

par  minute  milliliter,  Y,  du$  ^o  the  lohg-livegl  isotope. 


Y    -    ho  ft^'  ymin  x  '2  hr  x  60^Mn  x  2.83'  x  10^  ml/ft^ 

8  '  ' 

=    1.36  X  io  ml 


e'^^  =   8i       cxb8  c/d  • 

Y    _v  -  931  c/min  '  . 

,      ,1.36  V'  lO^  ml  X  O.QO  X  0.08  c/dT 

^  9  51  X  10"^^;  .  r  i 

1.36  X  8.0  X  li:0  '  ) 

=    1*09  X  10"^^  d/ml-min  , ,      ^  ,*  ^ 

Convert  the  disintegrations  per  milliliter  minute  to  con- 
tamination concentration  in  terms  of  microcuries  per  Kiil^i 
liter,,  Z.     '  '  ;    »  ^  '         \  ' 

,Z    =  (U.505  X  10"'^  nCi/d/min)Y 

.  '  =  14.565-  X  10""^  nCi/d/min  3c  I.C9  x  lo"    d/ml-min  ; 

=  k.^l    X  lo"-^  (iCi/ml         •  .  ■• 
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r  d.*     Determine  the  maximum^  allowable  'concentration  for 

soluble  Sb  using  Title  10^  Part  20,  App  B»  It  is 
5  X  10    .    This  concentration^  is  not  exceeded,     '  . 


ERIC 


^.      Determine  the  number  of  counts  per  minute ''on  the  2-inch  ^ 
'  disc  ciue  to  long-lived  isotopes. 

?LL    =       1  -  0  ■         '         ■  . 

'  Pt  =  83,J^6  ^,36   ±   83A3'6  cpm  .• 

,  ■  •    .,  '  =  78,150  -  36    =    78,ll'|t«  cpm 

0  for  a*At  of'*23  hours  (27-  i^)  is  6.223  (from  page. 563). 

.    :  ^"    ■      "    ■  "  • 

■    p      _  •  78;iil^  -  (83/'^3a)(0.g23) 

LL  •      (1  -  o.  223).  ; 

^      ,  =    ^^'"^^^j^^^  (using  3  significant  figures) . 

=    76;60t)'cpm  .   *  -tf         '  ' 

b.      Determine*  the  numbe;r  of-  counts  per  minute  on  the  vhole 
*   .  4-inch  filter*  *  *  '  " 

\  \  .  '   \   /     ^       ^  ^ 

where  C^.^.  1.    =    the  cpm  on  the 'whole  4 -inch  filter 
•    C-T.  '      =    the  cpm  on  the  2-inch  disk 

••  ^  =  *the  area  06 -the  Y  filter    =    %  ^ 

-      .    I    c'^  i    =    76/600^  •  •     .  '■ 

an  ■•  .     •  '  • 

'  ^    .  =  f6,6oo  X  1^ '  i    .  .  >  ■ 

.  '  .       i=  '306,iK)0"cpm        '  ^  -    .  -i 

'         •  '  •         549;  :  ,/  •     ■,        ■       '  - 

9^-     -  572*  '         .  ' 


i 
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Convert  th.e  counts  .per  mihute  of  trapped^ cdntjaiaina^  *  *  *  ' 
tion  to  disintegraiions  per  mxlliliter-minu<te 'iii  the..' 

air,          *                      '      :         /     ■  ^'   -  . 

^LI^^  *                  .  .        /    ^   \'  .      .          .    '  \  .... 

Y     =  — =    -                   •         '  «                                •  .^'v"*  '  '  •  > 


V  = 


;  " ."  i'/'^:-  3-56  X  9.0  X  5.0 •- • 


1*     *  .'^ 


1^.9.^     10; .  -d/ml-min  .-J- 


V  d.    •  *Cop/'er"t  ' tie.  cpnt2uiiinat^<^  '  ^  -^  -  . 

.•'v     .  per^mlliiiiter,.  Z/:  '        -  z-^-^,  * 


e.  .    Determine'  the  maxlmiim  yevv\L^slhle  \lod±^  . 
...tigjrr  forJ  aji  un^estirict^    area  using^'^T^ii^le^lo/ Pa^ 

.  -  It  is^a^x  10         .The  coh0entratiori-'>in  tthe-jaiy  exceeds  "  ,; 


•  o  573^'*'*; 
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5.   -  A*      DetfeMibe^  the  maxinnin  permissible  aiTl>orne  concentration 
•/  of  soluble  l*Iaiiganese-52-for  an  unrestricted  area  ^sing 

^  '  '^xtle  10",  Part  20,  App  B^^  It  is  7  x  lO^-^iCi/ml,  ' 

^*  b.  '•'  Combining  the  -axpression  for  determining  the  disintegra-  .  ' 
^    .tions  per  milliliter  minute  (Y)  from  counts  per  minute 
'"duq:  to  long  lived  isotope  {Cjj),  volume  of  saapled'^ air(V% 

^  collector  eff-ici^ncy  (E^^),  and  ccJunter- efficiency  (JB 


y  ^^ffv^^^fc 


,  .  /.I.-/  and  the  exprejs^sion  converting  disintegrations  .per  mllli- 

<;Jj*!/  ' J,"  '    liter'  minute '(X)'  ^  microcuries  per  milliliter  af^ail^-^  , 


;.Vet'haVe  an  expression  .for  Z  in  terms  of  C^^,  V,  'E'-^,  and  "\  t 


E 


^-^\^ffl^.-^fc^ 


Rearranging,  an  eJ(pressioh;.f©r  :Cj^£  i'S/.obt^ned.'-  . 


-zve: 


.  •  ji,505  X  10"'''  (JiCi/d/rain         ■   '  " 

Z  =•  '  the  maximum  permissible  concentration  dtie 
*''•'...    '  '■     ,  • .  .    •  '52 

to  the  long-lived  isotope,  Mn, 

•      7/x  10"^  |ici/ml 

.y    -    30  ft^/minx".60  min  x  2.83  x  10^  mP/ft^ 


-"ft 


fc  . 


=    3  *x  6  X  2.83  X  10 

'  '  7 
=    5*  0^  X  10.  ml 

.8ofo  /  ^r:.  Q..80 

=  ■  i-5i;  -■  ■■0,15 
'  '  .531  . 


.6  • 


..V-  .... 


'A  count  o/e'r  9*';>9iO  cp^i  in-iicaiieX.t-^st' 'the.' area  :,na3t'^be  '•  *  y. 
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DF400,  TRANSPORTATION  OF  RADIOACTIVE  IvLATERlAL 

'Reference:  •  ...  ,  ' 

Thejmaterial  ta^ught  is^from  R.M.  Graziano^.Tariff  27  an4  related 
changes  on  the  'DOT  regulations  and  from  AR  55-55,  "Tj'ransportatiori 
of  Radioactive  and  Fissile  Material  Other  Than.Weapons,  dated  in 
1969.   XHe*se  are  'the  current  regulations  governing  the  riglvts  and 
obligations  of  tho^Se  concerned  with  transportation  of  radfbactive, 
matetial.    There  has  been  aC  major  change  in  th^se  regiiiciiions.  Due 
to  the  limited'number  of' copies-  of  the  R;  M.  Qraziano  Tariff  Number 
,27  (with  changes),  DOT  regulations  and  AR  55-55,  there  are  no 
student  refeirences  available;  however,  the  material  found  in  the 
Vu-Graph  handout  outlines  the  material  rather  thoroughly. 
Lesson  Objectives  ani  Notes.  '         -  ,  •  ^ 

'A'.    ^  Define' terms  involved  in'the  Federal' law  and  AE^s  governing 
transpor  tat  ion .  *  •  ,      ♦  . 

B.     tDefine  and  discuss  the  grouping Jof  radioactive  material  Tor 
shipment.  ^   *        .  \ 

Explain  package  requiremen'bs.    .      ^  -  * 

B..      Discuss  la^el  requirements  for  the  transport  group  ani  quantity 
shfpped  and  g«ive  explanation  of  the* requirements. 

K.      Explain  exeihptions  t^o  the  regulations.  ,  ^ 

F.  .  Define  restrictions  on  shipment  of  radioactive  materials  both 
'  '  iXi  passenger  carriers  and  ir^yiclual  vehicles.  ^  * 

G.  Exp3.^in  the  placards*  required  on,  vehicles  and"  other  modes  of. 
transportation.        ,         ^  \    »  '        '  ^     '     '  * 

H.  Work  practical  exercise  involving  transportation  prpblems. 

•.  •     *      f . .  . 
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.III.  I>is^  of  Vu-Graph  Material  used  in  DF400* 

•    ^     1.      Radioactive  Material.  '     -   ^ 

Any  material  or  combination  of  material  that  in  any  form  sponjbane- 
oasly  emits  iionizing  radiation  and  in  w^iich  the  radioactivity  per 
gran  is  greater  than  0.032  microcurie  or  greater.    In  rn'ateriad  less 

-  than  this  anount,  the  radiation  mti^t  l^e  uniformly  distributed  if  not 

'  considered  as  radioactive. 

/  .2.  •    Packaging.  , 

The^assembly  of  the  container  and  any  other  component-s  necessary  to 
assure  CvMnpliance  with  the  prescribed  packaging  requirements.., 

.  ■    ^  ^  -  -  :  :y 

The  packaging  plua  its.  content  of  explosive  or  other  daiigerbus 
*  -articles  *as  presented  for  transportation.  ^>  ' 

'    4."     Transport- Vehi-cle.  '  ^    .       , ' 

'    .  *  The  conveyance  used  for  the  trransportation  of  explosives  or  other 

dangerous  articles  including  any  motor  vehicle,  rail  car  or  aircraft. 
Each  cargo  carrying  body  (trailer,  van,  box  car,  etc)  is  a  separate  . 
•    vehicle.-   •  ^  '  •  ^ 

'    .    5..    Fissile. Radioactive  Material. 

Fissile  radioactive  material  means  the  folloving  materials: 
239pu^^  ^H>l-Fu,  233u^  235U  or  any*material  containing  any  of  the  fore^ 
*■     going  materials.    Fissile  packages  are  classified  according  to  the 
^  *     *      •  control  needed  to  provide  criticality  safety  during  transport. 

6.    ,  Large  Quantities  of  Radioactive  Material. 


A,  quantity,  the  aggregate  radioactivity  of  which  exceeds  tliat 

specified  below:        ^*  '  - 

Group  I  or  II  20  Cui'ies 

Group  HI  or  IV  200  Curies 

Group  V    .  5^000  Curies 

Group  VI  or  VII  50,0-00  Curies 

Special  Form  Material  5,000.  Curies 
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7.  Normal  Fonn  Radioactive  Material, 

Normal  form  radioactive  material  means -those  which  are  not  special 

form  materials.    Normal  form  materials  are  crou^ed  into  seven 

transport  groups'.        '  ^  .    "  ' 

8.  'Special  Form  Radioactive  Materials.  "  *  ^ 

Material,  if  released  from  a  pacKage,  which  might  present  some  direct  ** 
radiation  hazard  but  would  present  little  hazard  due  to  2;adiO'toxicity 
and  little  possibility  of  contamination  "(may  be  inherent  properties 
of  acquired  characteristics/*  as  through  encapsulation). 

9.  Transport  Groups.        ^  . 

Transport  groups  are  any  one  of  seven  groups  into  which  normal  form  i. 
radionuclides  are  classified  according  to  their  radiotoxicity  and 
their  relative  potential  h^pfrd  in  transportation. 

J.O.    Transport  Inde«*  '  ' 

The  number  placed  on  a  package  to  designate  the  degree  of  control  to 
be  exercised  by  the  carrier  during  transportation.    It  is  the  highest 
radiation  dose  rate^^  in  millirem  per  hour  at  3  feet  from'  any 
a.ccessible  external  surface*    The  number  ex^Jressing  the  transport 
index  shall  be  rounded  up  to  the  nekt  highest  tenth^  e.g.,  1.-01 
becomes  1.1.  •  ^  * 

11.  -Radiotoicicity.        •  ,         '  " 

Radiotoxicity  is  the  potential  total  effect  on  the. human  body  due  to 
internal  exposure  to  ionizing  radiation  presented  by  a' given  ra<iio- 
Isotope.  '  •  > 

*  •  » 

12.  Technical  Escort.  /  ,  .  , 

A  group  of  technically  Iqiialified  personnel  selected  to  escort  a  dangerous 
shipment  of  materials  (radioactive,  etc)  capable  of  coping  with  accidents/ 
incidents  while  en  route  to  insure  maximum  safety  to  personnel  and 
property  (private  and  public) .  ^  ,   ,       .  ' 

13.  Radionuclides  Not  in  Table.  . 

^  Radios^ctive  Half-Life  ^ 

Radionaclide  "  0-1,000     1,000  Days  to  Over 

-  ^^y^..  10^  Yeaz^s       10^.  Years    >  * 

Atomic  Number  I-8I        '  Group  III     Group  II  Group  III 

Atomic  Number  82  &  Over  Group  I  '      Group  1  Group  Iir 

■  O  ,  *        .   '    *        582  •  ' 
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Mixtures  of .  Badionuclides* 

(L)    Identity  and  respective  activity  of  each  radionuclide  are  known, 
permissible  activity  of  each  radionuclide  shaU  be  such  that  the  • 
sum,  for  all  groups  present,  of  the  ratio  between  total  activity 
'for  each  group  to  permissible  activity  for  each  group  will  not 
'  be  greater  Uian  unity  . 

Ca    •  .    Cb       ^      Cc  .  4    ^  '  . 

,     .      MPCa    "  MPCb  MPCc 

{2)    Group  knwrt  but  anount  in  each  group  unknown  -  mixture  assigned, 
to  mo'st  restrictive 'group  present. 

(3)    If  identity  of  all  oi^  some  radionuclides  cannot  be  reasonably 
*  •  de^-ermined,  each  of;  unidentified  radionuclides  considered  as  , 
•   be-longirig  to  mos^t  restrictive  group  which  cannot  positively  be 
rexcluded.  '  '      •        ,  ^ 

(k)    Mixture  "of  single  radioactive  decay  .chain  -  nuclides  in  naturally 
occurring  proportions  -  considered  as  single  nuclid?.    Group  and 
activity  shall  1^  that  of  first  member  unless  another  memter  has  , 
larger  half -life  and  greater -activity,  than  that  member- of  chain, 
used  for'  group  and  activity.' 

Type  A  Package.  .'    .       •  .  "     -  -'  " 

(1)  Heat  -  Direct  sunlight  at  an  ambient' tanperatufe  of  130°  g'in 

still  ail'.     '  ■.'  .  '  '.  ~ 

•  ,*        •  '   '         '  '  ■'  . 

(2)  :  cold  -  afflblent  temperature  *df  -40°  E  in  still  air  and  shade, 

,(3)    Keduccd.pressure  t  ambient  atir^ospherdc  pressure  at  0.5  -atmospher 

Vibration"-  vibration  normally  incident  to  transpor.tatj-on .   ^      " ., 

(5)    Water  spray'  -  wetting  6f  package  entirely  exce'pt  bottom  for  30-  • 
minute  period.    Metal,  wooc^,  ceramic,  or  plastic , exempt. 

76)    ^ree  drop.    Between  1-1/2  and  2-L/2  hours  after  ,wa:ter  spray  test) 
^       a  free  drop  of  h  feet'ontp.a  Aat  essentially. unyieldihg  horizonta 
surface,  striking  in  a. position- 'for  which,  maximum  damage  i,. -5  exi^ec^c 

(7)    trorj^er  drop  -  free  drOp  onto  each  corner  of  the  package  succo^- 
sion,  from'^a.heieht.of  l-foot.    Tests  are  primarily  for  wood  o,t-  . 
fiberboard  packages  ar.d  db.'  not  exceed  110  pounds  in  wei^t  for- 
■  air.Jfissile  clasa  Il'packages .  ■    -    '       .  '     '  > 


18)    Penetration  z  Impact  of  the  hemispherical  end  of  a  vertical 
steel  cylinder  1-1/4  inch  in  diametef  and  >veigKixig  TS  pound? 
Wopp^d  from  a  height  of  40  inches  onto  the  exposed  surface 
of  the  package  which  ib  expected  to  be  most'  vulndral?le  to 
puncture*  . 

•(9>  i  Compression-'-  compression  loa?d  equal^to  either  {ive  times 

.  the  weight,  of  t.he  packagWor  2  Ib/eq*  inV  mtiltiplied  by  the      '  * 
•  ngaximum  horizontal  crdss  section  o'f  the- package,  w}iic.hevjer  is  . 
greater*.  The  load^shallAbe  applied  during"!  period  of  24*hburs-   -  ' 
'     unifqrmly  agajLnst  the  top'  and. bottom  in  the  position  in  which. 
;  the  pa<;kage\would  normally  be^transpprtedV  ^ 

* '       -  \  *  "...         '  ' 

Type  B  Packaging.  .    '  .        '  ^,         *         *  '  » 

.  Meets -conditions  for  Xype  A  packaging  pl^us;  .  .     •   '  -      "  ^ 

•  / ,       .  *  .         •  .       »  '  • 

(1)  •  Reduction  of  shieldini^  -  test  Will  not  reduce  shielding  enough  ^ 

to  inore'ase  the  dose  i*ate  -at  3  feet  frbm  external  surface 'to' 
'  more  than  1,000  mrem/hr,  *'  *  .  ' 

(2)  No  radioactive  niaterial  release,  -  release  limited"tq  gases  and 

'    contaminated  coolant  containing  Votai  ra^dio activity  e:^cee<^ing     \  -  "^ 
neither  0.  1%'of  the  total  radioactivity  of  theiJacka^e  .contents    "    " ; 
*'  -nor  0*01"c\irie"of  group  I,  a.  5 'curie 'Of  grpup  11,  and  10  cugri^s 
^f  S^e?^Ps  III  and  IV/  except 't^at  in  inert  ga!se,s  the  limit  is 
^.       l)00O'c'ur\es*  ^  "  n     •      o  -  ;  ' 

(3)  Free  drop  -*^0  feet  Onto, a  flat  essentially  unyielding  "horizontar*  '    ' ' 
'target  surface,  striking  the  surfarce  in;a  position  for  v^rhich  maximum 

:    damage  is  expected*  t    ,  \  -  '*      ,  *'/  ' 

(4)  ^  Puncture  7  a  free  cii«op  tArOugh  a  distance  of  40  inches'striking,  .  ^: 
"  in  a, position Jor  which  maximum  damage  is:,expected,f  the  top  end  / 

of  a  vertic'^'cylindricarmild  stedl  bar.    fte  -bar  shall  be- 6  ' 
inches  in  diameter  ,H  not  less  than  8  ariches  long*  'v 
V.  •     '     ^          .     .    ^  ,         ^\      '  .  '  \ 

(5)  Thermal  -^radiation  environment  of  1/475^  F  for  3a  minutes  with 
a^n  emissivity  *coefficient  of  0.  9  assuming  the  surface  ^f  the 
package  has-^n  absorption  coefficient  of  0.8\         .  . 

«'*',._■  '     y        ,'  ' 

(6)  Water- iiVimersion  -  (fissile  .packag'es  only)'-  und^rS-feet  of  w.ater 

,.  for  ^  period.pif  not  les's  than  8  hours.  '  '  ; 
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Quantity,  Limitati6ns  ^     :  ^  .    •  , 

Trarisport  Group  •     Type  A' "Quantity,  '    Ty|_e  .B  Quantity 

,    ]■■■  ■         (in  cwies)  .     ^  .(in  curies) ••  / 


20 

•  2'0 

.  200; 
•  2pb 

5,000 
50,000 
5,000 


a.  The  outside  of  each  package  must  iiico'rpors.te  a-  feature  such  ^ 
as  .seal)  which  i,s  not  readily  "breakable  and  which,  while  intact, 
will,  be  evidence  that  the  package- has" ro't  been  illicitly 
opened.        '  °  ^ 

b.  Smallest  outside^' dimfensipns  of  ariy  package  must  b^  h  inches -dr- 
grcater. 


^  I  ^ 

•  ,  .  0.001 

11 

.  0.05) 

III    •  '  ' 

'      ,  .   3v  "■• 

IV 

20-  „ 

V     .             r<  ; 

20   ■  ,* 

Vi  and  VIi; 

■1,000 

Special  Form   '  ' 

•  *  > 

■  ■   20  ' 

General  Padkaging  Refuirements. 

c. 


>laterials  packaged  "in  packaging  de'^igned  to  maintain  shielding 
efficiency  and  leak,  tightness  so  that  urfder  conditions  normally 
incid(>nt  to  transportation,  there  will  be  no  releasee  of  radio- 
active material.  '■     ,  ^     •     .         ,  ' 


d.      The.packfegins  must  be  so  design^ed,  constructed  and  Ipad^d  that, 
when  transporting  large,  a^antities  of  radioactive  material,  , 
heating  is  not -a  ritejor  factor  (12?°  ,F  on  ^3^kage  surface  in  shad 
or  lQO°  I;  at  external  surf afce' of  (Vehicle  on  which  material  is 
•loaded).'  '   "  ; 

'  e       Enough  absorbent"  material  must  be  provided  to  absorb  at  least 
twice  the  vol'one  of  "radioactive  liquid  contents.    Material  jls 
outside  the  shield  only  if  it  is  shown  t^hat  if  the  radioactive  • 
cont'ents  were  taken  up  by -the  ilbsorbed  material,  the  resultant 
dose  rate  'at  the  surface  of  1;he  package  would,  not  exceed  UOOO 
millirem/hr.  «  '  '    '    "  .  . 

f .     Ho  significant  removable  radioactive  surface  contamination. 
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18.    Maximum  Dose  Rates ,Allovabie. 

*    Sealed  Car  Shipment  -  except  aircraft*:  y,  •  

(1)-  1,000  millirem/hr  at  3  feet  from  external  surface  of  the  package. 

•      _      (2)    200  tnillirem/hr  at  3.ny  point  on  the  external  surface  of  the  car 
or  vehicj.e.  .  •  , 

• 

(3)^  10  tnillirem/hr  at  6  feet  from  the  external  surface  of  the  vehicle. 
(h)  2  tniHiretn/hr  in  nonnaUy  occupied  position  in  the  cir  or  vehicle. 
Other  Ship-ner.c  (compatible  Cargo):  ,         '  • 

200  millirem/hr  at  any  point  on  the  external  -surface'^nd  transport 
index  does  not  excee'd  10.    Total  transport  index/cV  no  greater  than 
50.  .   •        ,  -      ,  . 

r 

',^19v  Exempt  Materials. 

^  Radioactive  materials  in*  normal  form^'noi  exceeding: 

Gro^  I  .0.01  mCi 

Group  ir  ,  0.1  mCi 

Group  .111,1V, V. or  VI  1  mCi  "  '  ' 

Group  .VII   ^        ,     •  25  curies 

Tritium  Oxjrde  In  Concentration  not  exceeding  0.5  :nCi/ml. 

aqueous  solution  •               Total  activity  per  package  not  r^ore  ^ 

•                      '  •  than  3  curies. 

t  ■         ,  *             »  .  " 

Radioactive  material  in  special  foians: 

Not  more  than  I5  grams  of  Uranium-235. 

Radiation  dose  rate  at  any  point  on  the  external  surface  of  the  pkckace 
does  not  exceed  O.5  mrem/hr.         t  - 

Outside  of  the  inner  ^ntainer  must  .bear  the  marking  "Radioactive." 
20.    Packaging  of  Fissile  Materials.' 

a.     Fissile  Class  I  ^  Packages >7hich  are  nucleaj^^afe  in  any  nut'icer 
and  iu  any  arrangement  under  all  foreseeable  circumstances  of 
transport . 

•  b.     Jissile  Class  II  ^  Packages^  which,  in  limited  humber^  are  nuclcarly 
.  safe  in  any  arrangement  under -all  foreseeable  circumstances  of 
transport.  "  » 

•  '  ♦ «  *  . 
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'  c/  •  Fissile  Class  HI  -  Pac^k^eB. which  are  nuc'learly  safe  by  • 
reason  of  special- -errangeirient.        ^    .  •  -  - 

21.  Radioactive  White  I  Label.  .      ;  .  . 

Dose  rate  at  the 'externea  surface  of  the  package  does  not ^exceed 
0/5  mrptn/hr.  >  ,      ^   ^  /  , 

•  •*     Not  authorized  for  Fissile  Class  11  or  III.   .  , 

22.  Radioactive  Yel'ldw  II  Label.  •       '  ' 

Dose  rate  8.t  the  extgrnal  surface  of  the  package  does  not  exceed 
•10  mrem'/hr  a;.d  the  dose* rate  does  not  exceed  0.5  mrem/hr  at  3  foot 
from  the  external  surface *of  the  package. 

23.  Radioactive  Yellow  III  Label.  ■  *  . 

(1)  Eacb  fissile  class  III  package-.         ^  . 

(2)  Each  .package  "containing  a  large .  quantity  'of ,  radioactive  ^tnaterial 
•regardless  of  dosfe  rates  1 

•     (3)    Each  package  requiring  special  approval  •(•waiver);;       "  ^ 

(h\    Maximum  dose  rate  requirement  for  material  transported  without 
'    a  waiver  when  shipped  With  compatible  cargo. 

:     (a)    200  mremVhr  at  external  surface  of^  the  package. 

(b)    10  millirem/h'r  at  3  feet  from  the  external  surface  of  the  ' 


package . 


ERIC 


Radioactive  labels  as 'outlined  above  will  be  affixed  to  opposite 
sides  of  the  package  (two  per  package). 

MIL-STD- 1458 'dated  U  Dec  1972.    Radioactive  Materials. 
Making  ^labeling  of  iter.,  .package,  and  shipping  containers 
-         for  iden^^cation  in  use.  storage..5nd  transportation.  •  . 

a.  ,   DA  Labe*l  135.  .  "         '   .  .  ' 

*  C 
ft  • 

b.  Radioisotope 

c.  Activity  ^  '  / 

d.  '  Date  ineasured-   .  ,        *    '   ^  *  •  ' 
25.     DA  Form  2791.        '     \                                 ^     ^  * 


26. 


Uses  of  XA  Fonp  2791.  *  *  *  "  *  /  • 

;(1)    Used  for  incoming  and  outgoing  shipinents.  '      '  ^  ' 

(&)    Accept  incoming  packages  regardless  of  contamination Note 
on  tjiis  form.  .  :  . 

(3)  s  Contamination  levels  noted  for  all  shipiients* 

(h)    Signed*  by_  RPO. 

'  (5)    Otjier  forms  four  d  in  AR  55-55.  ' 


Contamination  Levels. 
Curies  .  V 


io"-'--'-  Ci/cm^ 
Ifi"-"-^  Ci/cm^ 


•  -2,200/100  cin'^ 
220/100  cm^ 


Source  '  • 

Beta-Gamma   "     ■"  » 

Alpha      '  ' 

(e^icept  natural^  or  depleted 
U  and  natural,  Th),  ^ 


Contaminant  known  to  be  nat.ur^l^r  depleted  U  .or 'natural  .Th, 


10"^^  Ci/cm^  ' 
10^-^^  Ci/cm^ 


22,000/100  cm' 
2,200/100  cm' 


Beta-Gamma 
I  Alpha 


4  ^ 


Noii-closed  vehicles  -  D6se  rate  of  fixed  contamination  not  greater  than 
^        0*3  mreni/hr.  ^  » 

Closed  Vehicles  -  vehjT^^kept  dlosed^at  all^times  except  ^  load.'^ 

^rat^       fixed  contamination  not  greater  than  ^ 
10  mrem/hr  at  interior  surface  or  2  mrem/hr  at      '  .  * 
3  feet-f-ram  any.  interior  surface.    Vehicle  ^^tencifed; 
"For  Radioactive  Material  Use  Only'*  -  letters  3  inches 
_      "high  on  Both -sides  of  outside  -of  the  vehicle. 
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Shipping  Papers.       -     •  ^ 

(1)  Exempt  quantity  for  labeling  -  indicate  by  words  "Wo  Label 

•  Required"  immediately  -  foUowing  description  on  shipping  papers- 

(2)  Transport  Group' or  Groups  of  the  radionuclides  if  the  tnaterial 

*  is  fu)  normal  form.  >  ;  . 

""(3)    Name  of, the  radionuclides  and  description  of  physical  and 
chi^icai  form  if  material  is  in  normal  form. 

\  '  ' 

'  (h)    Activity  of  the  radioactive  material  in  curies..- 
^  (^5^   Type  of  label  applied  to 'the  package. 

,(6)    For  fissile  radioactive  materiA';,  fissile  'class  of  the  pacltage, 

•  and  weight,  in  gr,ams_or  -Ijilogr^s 'of  fissile  isotope. 

(7)    For  export  -  a  copy  Qf  a,ny  specif  permit' issued  by  DOT  for  • 
the  package. 


spoi 
Index 


Transport 


None 
0*1  -  10.0 
10.1  -  20.0 
•  20.1  -  30.0 
BPvl' -  ^0.0 
kO.l  -  50.0 


3e     k  J 
^lear/s 
Filfct 


Minimum.  Separa- 
tion-Distance 
*in  Feet  to,  Near/st 
Undeveloped 

0 
15 
28. 
29 

33 
36-" 


Miljimum  distance  in 
Feet  to  Area  of  Persons 
or  Minimum  distance  in 
Pee't  from  Dividing 
Partition  for  Combi-  ^. 
nation  Car  " 

"  0  • 
3 

k  ■ 
5  . 
6 

7 


^5'.'     »  * '* 


- .  Minimuni  ^epaapation  Distance' ' 


Miiiimum  DiitanceY' 
in  Feet  to  Area 


%tal            '       ^^  -2 

s  -  ?+ 

8  -  ■ 

Over  12 

-  Minimum- Distance 

Transport          >  ^^^^ 

.  HoutE 

IIoUrtf\. 

Hours 

Hours 

in  Feet  from  • 

Index 

'  '  '  ' 

Dividing  Parti- 

f            -  i 

1  't  "  oargo 
.  Compartment 

'K02?e              ^  "  0 

0     *  ^ 

o\  • 

0 

• 

0 

■         0  '■ 

0.1  -  irO^            ■  1  - 

.■  2 

k  ' 

5. 

I 

1.1- >o           ;3  . 

8  . 

11 

2 

5.J.  -  10-0  If 

f 

6 

9  ^ 

11 

15 

3 

-  20:0      -       .  5 

* 

12 

•  16 

22 

k  ' 

20.1  -  30.0  .  > 

,10 

'  15'  ' 

29 

5  , 

30,1  -  ko.o    '  ,  8 

11 

17 

*  •  * 

22   .  ' 

33 

6 

Uo.i  -  50.0^  .       9     '  * 

12 

•19 

36 

•  

'  ■  — ■   . 

31.  %  Movement  by  MilijLory  cVehicle.  .  ^    :  .    ,     J     ^         ^  ^  . 

(1)  comply  with  distance  tables  for  undeveloped  filn  and  persons.- 

(2)  On-site. movement  ^  not'  packaged  or  labeled  -  moved  under  prober  * 
supervision, 

(3)  Arranged  by  the  TratrSportation  Officer •        ,  ^» 
(ii)  Drivers  briefed  -  Yellw  II  and  Yellow  III  labels.  / 

(5)  '^river  has  copy  Of  shipping  papers.   -     '  * 

(6)  Escort'  commanders     copy  of  written^  instru^tLwis. 
.    (7)  Diivers  supjj^jed" wljth-writt^n  instructionfe.  ^  ' 

^  jLSnieT'"^-'^''"'"^^^^  I^-ther  restriction.. 

f  ■      f,  ^D.  J  I  '•'  (! 
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Written  Instructions.^  ^ 

0 

w  WAEHING     .       '  ,  '  — 

THIS  VEHICLE  IS  CARRYING  RADIOACTtVE  MAT2RIAIS 

When  undamaged,  the  packageCs)  (is,  are)  safe  to' handle 
for  short  periods  of, time.    In  case  of  accident,  notify 


Rail  Placard.  '  ■ 

Motor  Veh&le  Placard, 
a. 


Placard  must  be  used  for  any  Yellow  III  label  material  or 
for  carload  of  material. 


•b..     Placed  in  front,  "back,^  and  both  Sides  'of  vehicle. 

,  c.     Must  have  "Radioactive"  f  letters  1+  inche's  high  as  a  minimum 
and  at  least  a  1-inch  bd'sder. 

d.     Uusfi,  "be  black  J-ettefrs. ^on  a  yellov  background.  _ 


1      '  ' 
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ExOTDlW . Problems  of  Packaging '  a'nd,-  Labeling  Radioactive  Materials .  '  ' 
1.  "    Example  Problem  No.  1.         '  ' 

a.     As  radiological  Safety  Officer,  you  have'lieen  asked  to  procure 
a  container  to  ship  1  curie  of  Te murium- 121  (12lTe)  encapsli-  I 
•     I    .     lated  pellets.    Since  this  is  a  gaWa  emitter  on2^,  you  decide' 
to  use  lead  as  tfie  inner  container.    How  much  lead  is  required 
in  the  inner  container  if  the  overall  package  is  found  to  be  ' 
1  square  meter?   Assume  inner  package  is  to  be  placed  in  ' 
the  center  of  the  outer  package.    What  transport  group  wou/ 
the  material  fall  under?    What  type  of  package  would  b- 
required?   What  type  of  label  would  be  reqjuired? 

Neglect  dose  buildup-. 

b.  Solution. 

.  (1)    (a)    In  checking  the. table  on  transport  groups,  ^^^e  is 

not  listed,  so  we  are  required  to  go  t6  the  exception 
We  find  the  Atomic  Nmiber  is  between /l-8l  and  the 
^^V'l^^^  of  each  is  legs  than  l,00(/days  (17  d  for  ' 
x^^i/Pe),    Therefore,  it"  is  a  group  ;4l  iteml. 

(b)  In  checking- the  quantities  for  grbup  III  Item^,  we 
find  Type  A  packages  can  .hold  Mv/ to  3  caries  and 

B  packages  can  hold' up  to  /200  curies.'  Since 
.  we  have  1  curie,  it  would  be  m6st  ec6nomical-to  use 
'-  Type  A  packaging.    Type  B  .co-old  also  be.  used  since 
Type^B  would  also  meet  the  nicessaf^  requirements', 

(c)  Sinoe  large  qua!itities  of/adioactive  material  require 
a  radioactive  yeilow  III  Aabel,  check  this  'item.  For 
group  III  materials,  thife  is  200  curies  so  it  i's- not 

,  ■   ,    classified  as  a  large  quantity. 

(d)  It  is  an  encapsulated  /source,  so  it  could  ^Iso  fall 
under  special  form  whAch  allows .20  curies  for  Type  A 

-  packages  but  the  deg/ee  of  fencapsu^ation  is  unknown 
so  it  is  a  normal  fqhn  material. 


(e')    Che  eking,  the  ex^ 
materials  liste< 


quantities,  we  fix 
1  mCi,  therefore 


group  in 


is 


not  exempt. 


.(2)  .  On  the  labels  you  have  thi-ee  choices  dependent  on  the 


*cL03e  rate.  DA  Label  15  must  be -used. 
White  I  Label 


Surface  dose  rate  not  exceeding 
0,5  mrem/hr. 


Yello"v  II  Label 


Yellov  III  Label 


Surface  dose  rate  not  exceeding 
10  ,?.reni/hr;  dose  rate  at  3  feet  . 
not  exceeding  0,5  mrem/hr. 

Surface  dose  rate  not  exceeding 
20*0  mrem/hr;  dose,  rate  at  3  feet 
not  exceeding  10  mrem/hr. 


If , these  dose  rates  for^.  yellow  III  are  exceeded,  then  a 
waiver  must  be  obtained.    Waivers  are  to  be  avoided  if 
possible.    Since  the  shielding  required  would  be  much 
less',  it^ill  probably  be.  sent  yellow  III  label  and  with 
a  DA  Label  15- 


(3)  ^^he 


S       ^0.56  n  Gi  E'' 
"s  '  4f  0.56  X  (0.  1&)  X  1  X  0.508 
0..051i  rhm  \        '         .  • 
0.56  n  Ci  E  . 
0.56  X  0.80  X  1  X  0.573 


5  = 


S  = 


S  ,=    0.257  rhm,  '  .  ' 

Tqtal  rtoi       ♦         ~        ■  ^  , 

.  S    =  'O^re^  rhm   +    0:257  rhm  =    0.303  rhm 

■{%')    Find  R.  "  '     *  .     r-  ,. ,  ' 


R 


-I  ii  •  =  ;2i32§^    =  Q.303' 


(0.5)= 


0.25 


E    '=    1.23^  Vad/hr'  at- 0.5  meter  or  at  the  6 
'\  jh^  pont^ineJr. 


urfac^  of  ^ 


j6)    Calcul-kte  the  lead  needed  , to  reduce  the  dose  rate. 
"""pQ        .l'232  rad/hr-'-      u/o  f.r  0.5-Mev  =  O.'lSl 


R     =    200  mrad/hr- 


u/p  for  0.6  Mev  =.0.  125 
0.036 


\'  0.036  x.j^    =  0.036  X  0»73  =  0.q26'5  \ 

0.161^  ^ 
-0.026 
^  0.  135  ' 

.n/p  of  0.573  fjev  gamma.  '=    0.  135    -   ;  . 
^    =    n/p  X  (p)         0.133  X  11.31*2 


u    =.  1,51  cm 


-1 


«3 


0-693   ^.  0.693"  ^'  0 


1.51 


U6 


cm 


R 


i,n    _  1232 
~  200- 


=  6.16 


i 


n     =    2.7  using  fine  2"  table 

X     =    1.195  cm 
'  (6)    For  a  reading  at  1  meter: 

---        S    =    0.308  rhm  R  = 

-        •  '  ', 
d  '  =,  1,.5  nleters 

I'  I 


n 


R.  = 


■  ^  ■  : 

a.308     _..0. jo8 


R   '=    0.137  rad/hr  6 


at  'I.5  meteys.  |  . 


£RIC 


594 , 


.      ^rr^.-^-r^c/:'-^--'  ^^^^^^^ 


2     =  T 

.  137 
"  10 


r   =  13.7 


V 


Using  2^  tablie,  n    =    3- 8. 


n  = 


X 


1 


X    J    1.75  cm 


The  lead  shield  must  be  1.75  cm  on  a  side. 

*(7)    The  transport  index  fof-  the  package  does  not  exceed  10 
mrem/hr"at  3  feet. 


2.      Example  Problem  No.  2. 


a« 
t 


*As  outlined  in  example  problem  No.  1,  what  information  must  go 
on  the  shipping  papers  and  how  many  labels  must  be  attached?  ^ 


^  b.  'Solution. 


(1)  *As  Required  or>  the  shipping  papers,  the  word§  "No  Label 
;  Required"  mu§t  be  present  if  it  is  an  exempt  shipment.  . 

Since  thi^  shipment  is  not  exempt,  this  notation  is 
omitted. 

(2)  The  transport  group  or  groups  if  jiormal  form  -  Gtoup  III. 
It  is  encapsulated,  so  it  cotdd  be  special  form  Group  VII. 

(3)  Name  of  the  radionuclide  and  a  description-of  its  physical 
or  chemical  form  if  the  matei-ial  is  djunopnal  form: 

.  1  pi  *  •  * 

-  ,  Te  -  encapsulated  pellet^. 


(k)\  Aktiyity  of 


I  Ci  o: 
*      r  , 
l5)iL Transport  Lliex  -  iO.  • 


;he  radioactive  material:' 


12iL„ 


"Te. 

T-  -J 


1  \ 


ERIC 


■  .595 


(6)  Type  of  labei  applied:  ,    •  . 

Yellow  III  Label  and  DA  Label  15, 

(7)  For  fissile  radioactive  material,  the  fissile  class  of 
the  package  and  €he  weight  in  grams  op.  kilograias  of  the 
fissile  isotope.  NA 

(8)  For  export  shijanent,  a  copy  of  any 'special  permit  issued 
by  DOT  for  the  package.  '  NA  • 

(9)  Two  labels  must  be  attached  -  on  opposite  sides  of  the 
package . 


3.  Ex 
a. 


ERIC 


:imple  Problem  nL.  3.  '  [ 


You,  as  RSO,  are  ^gain  asked  to  package  a  shipnent  of  radion 
active  materials.    This  time  the  .radionuclide  is  ef^fealt.57 
(57Co).    You  are  to  ship  2  mCi  of  this  material  in  a  liquid 
solution  and  you  wi$h  to  stay  within  the  White  I  Label  con- 
ditions.   What  type  of  container  is  required  and  what  minimum 
size  container  would  be  procured?    Should  other  material  be 
added  around  the  source? 

*  .  '  * 

Solution..  -  •    .  • 

(1)  Checking  57co,  you  find  it  is*  a  group  IV  transport' group 
material. 

-  > 

(2)  For  Type  A  packages  -  20  curies  can  be  shipped. 

(3)  Exempt  materials  1  mCi  -  not  exemj^t  since  2  mCi  are  . 
present.  '  ,  . 

(4)  ,^  It  is  not  a  large  ^luantity 'mat§jrial. 

(5)  White  I  Label  requirements'-  dose  rate  not  exceeding  0^5 
mrem/hr  at  external  surf ace"  of  the  pacHage.  '  ' 

(6)  Calculations.  ^    '  '      -  , 

,  Go^to  decay  scheme  page  38a,  Pam  25  -  n  •=  99.8%  and 
E  —  0 . 1 3632.  ' 


I  ( 


.  S 

s 
s 


0.56  X  2  X  0, 


].|.52lt  X  10- 


1 


X  p. 13632 

•hm 


1 


I  i 


R    =  ;  0.5  mr/hr 
S    =    l.'y2h  X  10-^  mrhm 
d    =•   ?     «  I 

0.5  mr/hr    =    —  x  1  

d 

dV=   0-305  .  . 

d      =  nT  0.305 
d    =  ^  0.55^  meter 

The  package  must  be  0.552  meter  on  ope  side  so  the  total 


! 


diameter^  must  be  twice  this  aniGUntv 

0.552  X  2  "  =    1.10^  metel-s  on  a  side. 

A  square  package,  I.IOU.  meters  on  d  side  if  no  shielding 
is  us^d  in  the  package.  .  > 

'*  . 

The  liquid  rafLioactive  material  must  be  packaged  in  leak 
resistant  and*  corrosion  resistant  inner  containers,  " 
Eno\igh  absorbent  material  must  be  provided  to  absorb  'at 
least  tw:^.ce  the  volme  of  l^alioactive  liquid. 
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RADIOACTJVE  MATERIALS  MOVEMENT 
ri  SHIPMENT        n  RECEIPT 

»                         MR  55-55) 

SECTION  1 

-DETAILS  OF  SHIPMENT 

- 

.or.     \  ,  i 

1; 

VlAi  (Mb^9  ol  tMpmftt.  /.«.  Hmilwy  Ex^tn 99) 
1 

SHIPHCNT  NdL 

f 

WeiGHT  « 

CLASSIFIC  ATIOH 

Li-   

TYPC  OF  CONTAINCR 
f 

PRINCIPAL  ^AOIOACTIVK  MATERIAL^ 

.  ■  [ 

AC.TtVITV                             p  / 

tOATE  or 
(FtU  In 

SHII»MCNT  (E9tlm»im) 

^e<;Ev»T 

LOCATION 

COLLECT 

FREPX'ip 

f.    OOES/Olo' THIf  SHOHEMT  REQUIRE  ICC  SPEC  iri  C  A  TION  PACKAGING  ANp  LAttELINQT      Q  VE5      Q  NO 

ICC  NO.  \   BUREAU  or  CXPL05IVE5  NO,  

a.    H/*¥AS  TMIf  A  COURIER  IMIPMENTT       Q  V  El      QnO  ~ 

^.    tS/WAS  IT  PACKACEO  t6  PREVENT  LEAKAGE  UNOEh  TRANSPORTATION  c'onoITIOnST      QVEf      Q  NO 

ll/WAS'THC  SHIPMENT  FROPERLr  SECUREOT      □  V  El  tZ!3^° 
•  ,   IS/wa's  THE  SHIPMENT  PALLETIZEOr      QVES      Q  \ 


SIGNATURE  OF  CONSIGNOR/CONSIGNER  M«  mppilcmblm} 


MAXIMUM          '  AT  SURF>ACE{ 
RAOIATION  I 
LEVEL  I  


SECTION  II  •  HEALTH  f  HYSICS  MONITORIKC  RESULTS 


^E  or  INSTRUMENT  UlEO 


WIPE  TEST  MA^RIAL  U8EO 


AT  I  METIER 


INSTRUMENT  SERIAL  NO. 


AT  15  FEE  T 


REMOVABLE  SURFACE  CONTAMINATION 


n\ti 


INSTRUMENT  SERIAL  NO. 


Remarks      •  y 


INSTRUMENT  USEO  TO  CHECK  WIPE^ 


RAOIATION  SURVEV  APPROVEOSV 


SECTION  III  .  RAOIOLOCICAl^AFETY  Oj^^'^fllS  STATEMENrOF  MONITORIN^jRESULTS 

^SUREAU  or  explosives'  ^hrt  to  SHIP 

SfrCtAL  'PERMIT  NO. 


("Ives  r]uo 


SHIPMENT  SATE  (Ch9Ck 

upon  f9C9ipt  ol  9hlpm9nt) 

n  ves  ^-^No 


,tlGf4A  TURE|or  RAOiOLOGI 

:al  orriccR 

OAie 

SECTION  IV  .transport' 

^lOh 

OFFICER'S  STA 

TEMEN^  OF  SfHfMENT 

Th«  above  nam« 
^  ation  according  to  the  ri 

1  article 
Kutattpi 

'  1 

t  ara  properly  de< 
IS  prescribed  by  t 

cribed 
it  app 

^  

apcl  •r4\p»cked 
■o()riate|reculatc 

and  tnprked  and  VrKin  proper  c 
iry  acenc'^s. 

ipditton  for  transport-  ^ 

.  II.' 

iHAtlimt  or  TRANSPORT 

1  -    ..  f 

It  ION  < 

IrriCER/  j 

1 

OATC            "              '                                  '    1       ^'  1 

t  !i 

er|c 


DA,?r..2791 
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You,  as  Radiological  Safetv  Officer,  have  been  asked  to  ship  for 
dispolpai^  pCi  of  H'i^°Bh  poji/der  contained  in  a  scr^w  top  metal  ^ 
can.    In  inspection  of  the  packages  available,  you  find  you  have 
a  Type  A  package  which  measures)  0»5  iT|pt«r  to  a  side*    The  source 
is  to  be  placed  in  the  centeiTof  this  package.    Is  this  package 
sufficient?    Examine  the  quantity,  shielding  and. label  require- 
ments ,aad  make  the  most  economicaj,  recommendation  for  'transport 
of  this  material.  '  .  ^ 


2. 


I'l^om  the  information  in  problem  1,  what*  Items  are  necessary'  on  «  , 
the-sMpping  t)apers? 


7 


i 


ERIC 


602. 


I. 


A  1.5  mZi  sample-  of  ^^^c  is  'to  be  shipped.  You  have  both  Type  A 
anl  B  packages  measuring  1  meter  to  a  side. 

a.  ^    What  transport  group  does  this  isotope  fall  under  and  which 
type  of  -package  will  you  use  more  econoniicalTy? 


b.      Is  this  an  exempt  quantity?    If  not,  what  would  be  the  best, 
-way  to  ship  this  material  using  the  Least  a-nount  of  shielding 
possible?    Consignee  is  awaiting  shipment  for  immediate  use. 


577 

603  • 


Given  the  following  isotopes  in  norilial!  form:' 
curies  .^^Ni        *      ^         .  _ 


6  caries 
O^k  curie 
1  curie 


6^0 


Can  ^11  of  these'  isotopes  be  ^ent  in  one  type  A  package(do  not 
calculate  shielding)*? 


a.t     You  are  RSO  and  have  been  asked  to  choose  a  co^tain)e^  to  sTiip^ 
^  260^  caries  of  Tellurium-.125  metastable  ('-^pnJTe) .    What'  trans- 
'  '  j>ort'  gijoap  and  ,what  type  of  .package  must  be  used?  * 


578 
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You  have  decided  to  uSe  lead  as  the,  inner  container.  Hov 
big  Would  the  container  heve  to  be  if  the  overall  package 
,is  to  be  1  cubic  meter?    (Assme  inner  package  is  to  be* 
placed  in  the  center  of  the  outer  package.)    It  is  to  be  ' 
shipped  Yellow  III  Label.    Does  it  fall  within. the  large 
quantity  category? 


You^  "as  RSO,  are  again  called  upon  to  package  a  shippfent  of 
radioactive 'material.  This  time  the  substance  is  10  ^i  of 
Cobait-57.{^^Co). 

a.     'In  what  trans  port**  group  does  it  fall  "and  vhat  type  of 
package  is  required? 


So*/  big  would        container  'have  to  be  if  you  wished  to 
chip  radioactive  Yellow  II  Label^  with  no  shielding,  and 
you  meet  all  o'bher  requirements,  I.e.,  leakproof;  absorbent 
material,  etc.?  • 


58.0  ' 
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VI,  Solutions. 

1.     a.     In  checking  ^^^n,  you  find  it  falls  vith  the  transport 

group  III  category.    Three  curies  of  gr9up  III  can  -be  trans- 
ported in  a  type  A  package,  so  the  package  available  is 
sufficients         ,    -  . 

V 

b.     In  examination  of  the  quantity  of  material  (5         you  find 
'It  falls  in  the  small  (quantity  category  (l  mCi  for  group  III) 
and  it  can  be  shipped  exempt  from  labeling  provided. 

(1)  Strong  packeige  and  no^leakage  under  normal  transpo^rt 
■*  conditions. 

(2)  .  No  significant  external  sxirface  contamination.*' 

(5)    Outer  surface  of  the  inner  package  is  marked  "Radioactive," 

{k)    Dose  rate  at  the  external  surface  of  the  package  doe^'  not 
exceed  0.5  tiirem/hr.  K}  - 

Calculate  the  source  strength.  I 

'  S    =.  0.56  nCE  5  pCi   =    5  X  10"-^  nCi        :  > 

S   =r  0.56x0.37x5x10-3x0.158 

S    =^  0.385  X  lO'S- mrhm    '  '  '     '  ■ 

The  box  is  O.5  meter  per  side."  So,  with  the  source  in^ 
the  center,  it  will  be  O.25  meter  from  tHiB  nearest  side. 

d   =  .  0.25  meter. 

'  If  ' 

Calculate  th^  dose  rate  at  the  K^ace  of  the.  contain^^f 

R    «    3.85  X  IQ-^,   '    3.85  X  10-^ 
(0..25)^  6.25  X  lG-2 

R   =:    6.16  X  10-3  mr/hr  ^  ;,|( 

\   or  D. 00616  mr/hr  at  -the' surf  ace.    Since  it  iis  7  ,  it  the 
same  as  O.OO0I6  mrem/hr»    The  package  falls  in  exempf  group 
•  and  can  be  shipped  without  label.  I 
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2,  a,  Since  it  is  an  exempt  item,  the  words  "No  Label  Required." 

b.  Tr^sport  Group  III, 

c.  Name  of  radionuclide  — 

Description  -  powder  form  ^contained  in  metal  screw  cap  can. 

d.  Activity  of  radionuclide  -  ^  pSir.  •  ^ 

e.  Transport  Index  -  NA  since  it  is  exempt.  ^ 

f.  'Fissile  radionuclide  «  NA, 

'  g-  -  Export  shipment  -  NA.  ^ 

3.  a.      Checking  ^^c,  you  find  it  is  group  lY.    Group  IV  allows 

a  20  curie  ship?nenf  in  a  type  A  package  so  the  type  A  package 
•   ^  will  be  used.  '  '  >  -  . 

t 

•  b..  Exempt 'Equant ity  for  ' group  III  is  -1  mCi,  so  this  package  is 
not  exempt.  Calculate  the  dose  rate  at  the  surface  and  at 
3  feet  from  the  surface. ■ •      '  " 

,         •  -  Calculate  the  source  strength. 

a   =    0.56  C  En  E  .  '  _      -  • 

=    (o.56)(i.5  tnCi)[(o.05)(o.32)   •+    (■i)(o.7r8)   +  {o.^) 
(0.81)    +    (l)(0.85l)    +    (0.l6)(l.l2g  ^ 

=   (0.56) (1.5  mCi)(o.bi6  +  0,778  +  o.68oii  ■+   0,851  + 

0.1792)  .  . 

=    (0.56)(1.5  mCi) (2. 591^6)  -  , 

=    2.105  Jiirhm 

Since -the  package' is  1  meter  to  the  side,  if  the  source 
-   is' located  in  the  center,^  it  will  be  0.5  meter  from  the 
nearest  side,    d    =    0. 5' meter.  -  Calculate  R. 
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/ 


^ 


R   =  ^. 


R  = 


.R  = 


2.103 
(0.5)2 
2.103 
0.25 

8.!i2  mr/nr 
at  contact. 


Since  7  S.I;2  mrem/hr 
at-  contact 


R  = 


R  = 


R  = 


R  = 


2.105 
(1.5)2 

2.105  • 
2:25 

0.935  mr/hr  at  1  meter 
from  the  surface.  <»  " 


0.935  mrem/hr  at  3  feet 


Since  it  exceeds  the  White  I  label  and  the  dose  rate  at  3  feet 
^   "exceeds  'tTie  Yellov'  II  label,  ship  it  Yellow  III  with  no  addi- 
"  tional  shielding  required.  * 


+     Cb  ■ 
MPCa "  MP(T5 


MPCc 


Cd 
MPCd 


i  1 


-  Group  IV  -  allowed  20  curies  in  Type  A  package. 
6*^011 Group  IV  -        '  . 

137Cs  -  Group  IIT  -  allowed  3  curies  in  Type  A  package. 


60, 


Co  -  Group  III 


Ji  + 


6  +        /  1 


20  ,  3  3 

0.2  +  0.3  +  0.  133  +0.33 

0.96  <  1  ^  ,  '  ^ 

Therefore  all,  could  be  haniled^provlded  enough  shielding  could  be  , 
incorporated  to  get  the-d03'6rate  level  within  limits* 

r.^;     125mTe  -  Group  IV.    Type  A,  20  curies;  Type  B,  200  curies.  It 
exceeds  Type  A  linvits  but  does-  not  exceed  Type  B  limits^.  So 
•  Type  B  package  will  be  used.  ^  .  *  ^ 
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Large  quantities  for  Group  IV  -  200  curies  -  we  have  only  * 
.200  caries,  so  it  does  not  fal^^nto  this  category. 

200  curie^f  ^^^e  ' 

.  S    =    0*56  nCE    =    0.56  X  0.07  X  200  X  0.035 

Therefore/  S  '  =    0.27^  rhm    -    27^+  mrhm 

To  .find  R:  .  ,  "  '    ^  ' 

R  ILhjE^    =  =    1,096  mrad/hr  at  0.5  meter 

*  d^  (p/5)2      •  .  0.25      'which  is  the^^surfa^  " 

•  Yellow  III  label  requirements  are  that  the  surface  dose  rate 
doe-s  not  exceed  200  nvrad/hr"  and  the  dose  rate'  .at  3  'feet  { 1 
meter)  from  the  surface  does  not  exceed  10  mrad/hr,^ 

Calculate  how  much  lead  isv  needed  to  reduce  the  dose  rate  to 
the  required  level. ^  '  '  .  ' 

Surface       .  *  '  ' 

Rq    =    1,096  mrad/hr  /S 
R     =  .  200  mrad/hr  '      -    "   •  ^ 

Ji/p   for  .a  0.035  gamma    =    21.85  cm^/g     Use  largest  gaimia  for 

shielding     0.035  Mev 


=    n/p  (p)    =    21.85  X  11.35    =    2hS  cm' 


1  * 


Xi    =    2^i23        '21^3      .     =^  0.000279  cm  ^=    2.79  X  cm 
2  H  2h8  cm-1 

^   =   t>096   =    5  i,8  2"" 

H  200  / 

Therefore^  n    =    2.5  (from  2^  table)      ■  ,         <    ,  , 
X    =  nXi 

X    =    2.5  X  2.79  X  lOf^        6^.97  X  10-^  cm  or  O.OOO697  cm^ 

Therefore,  O.OOO697  QJn  of  lead  required  to  meet  the  surface 
requirements.  »•  '  ' 
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6-. 


Three  feet  (1  meter) 


=    ±-    =  ^    =    27iL    =  121.8'niracL/hr 


(1.5)' 
R      =    10  mrad/hr 


2.25 


Xi    =    2.79  X  10 

2 


-if 


X 


^121.8 
"TO" 


Therefore  n 
X 

Therefore  X 


2 


=    12.18    =  2^ 

/ 

=    3.7  (fran^#  table) 

/  - 

=  2.79     lo;^  ,| 


0.001032  cm 


0.001032  cm  of  lead  required  tii^^st^'et  the  requirements  at  3 
feet  or  one  meter %.  Since  ^i^rij^jH^is  the  greater  amount,  it  will 
be  used  for  thp  shi%l^^^>^#r001032  x  2>radius    =    0.00206U  total 
cm  of  lead.    However,  this  is  not  practical.    You  could  use  air 
to  shield  this  source.    That  would  require  jspproximately  0.07 
cm  of  air  and  you  certainly  have^ that  much  around  the  source. 

a.      It  is-  not  exempt.    It  is  a  group  IV  material *with  20  curies 
allowed  in  a  type  A  package.    We  have  only  10  mCi,  so  type 
A  packaging  is  to  be  used. 

-br^  ¥eilow  IT^l^quirement  -  10  mrem/hr  at  surface  and  0.5*nirem/hr 


at  3  feet  (1 -meter)  from  surface. 
Calculate  the  source  strength. 

S  =  0.56  ^CE  =  0.56  X  0.998' X  10  X  0.13632  (page  3S8,  Pam  25) 
S'  r:    7.62'x  10"-^  mrhm 

Dose  Rate     *  ,  _ '  '  .  \ 


R  ^ 


d? 


R  "  =    10  mrad/hr  *  • 

S    *    7.62  X  10""^  mrhm, 

611  . 
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Therefore,  d  "  =  ^0-762    ^  ^0.0762 

10 

^    =    0.276  m  ~  . 

This  is  using  dose  rate  ai~the  surface. 


d2 


R    =    0.5  mrad/hr  at  1  meter  from  surface 

>•  — 

S  •=    7".62  X  10-^ 

70.  762        /  r 

d    ='«  ^— g —  =  V  1. 52U  meters 

d    =  1.235' 

1.235  m  -  1  m  =  0.235  m  from  center  of  box  to  surface  of  box. 

.  * .    0.276  X  2  =  0.552  meter  to  a  side^  for  the  minimui^s 
of  the  box. 


586 
612 


POSTAL  REQUIREMENTS  FOR  RADIOACTIVE  MATERIAL 


Honmallable  Matter. 

A,      Any'  pacicage  of  radj^^ctive  material  marked  with  White  I,  Yellow  II, 
or -Ye How  III  labels  or  which  contains  quantities  of  radioactive 
'    material  in  exc^c  of  those  authorised  j.n  .paragrapl}  IIA  is  non- 
mailablJ 


If  a  nonmailable  package  of  radioactive  material  is  discovered  intact 
in  the  postal  system,  the  postmaster  shall  imipediately 

1.  Place  ther  parcel  at  least  15  feet  from  other  mail  pr  personnel. 
Under  no  circumstances  shall  the  package  be  dispatched. 

2.  Notify  the  postal  inspector  in  charge  promptly, > requesting 
instructions  as  to  the  disposition  of  the  package. 

3.  If  a  ^package  of  nonmailable  radioactive  materigl  is  broken  or 
l^akit?g,  the  area  around  the  ^damaged  package  must  be  isolated 

to  prevent  contact  of  persons  with  aijy  loose  radioactive  materi.al. 
Any  cokveyor,  belt,  chute,  or  other  equipment  or  conveyance,  • 
including  mail  bags,  in  which  the  radioactive  material  has  leaked^ 
or.  may  have  leaked,  should  also  be  'isolated.    The  ;;L$olated  area 
must  belroped  off  or  guarded,  whenever  practical.\  A  temporary 
sign  indicating  the  presence  of  radioactive  materii[]Ls,  with  a 
warning  to  keep  out,  should  be  placed  at  the  edge  of*  the  roped 
area.    The  postmaster,  in  cooperation  with  a  postal  inspfector^ 
if  one  is  available,  shall  immediately  request  the  assistance, 
of  qualified  persons  to  check  radiation  hazar^Ls  ani  to  supervise 
the  salvage  and  decontamination.  *  This  assistance  may  be  received 
from  the  sender,  if^he  is  nearby,  or  from  one  of  the  following: 


a. 


Nearest  office  of  the  U.^.-  Nuclear  Regulatory  Commission.  The 
Nuclear  Regulatory  Commission  offices  are  located  as  follows: 


Operations  Office 


Mail  Address 


Telephone  Number 


Albuquerque 

Chicago 

Richland 


P.O.  Box  5^00,  Albuquerque, 
New  Mexico  87115 

9800  South  Cass  Avenue, 
Argonne,  Illinois  60U39 

P.O.  Box  550,  Richlaij4, 
Washington  99352 


(505)26U-i»667 

(312)739-7711 
ext  2111,  or  Ui451 

-» 

(509)9^*2-1111  . 
ext  6-5UUi 
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Operations  Office 


Idaho 


Nev  York 


Oak  Ridge 
$an  Francisco 
Savannah  Pl\rer 

\  ■ 


'Mall  Address 


Telephone  Number 


P.O.  Box  2108^^ Idaho 
Palls,  Idaho  83U0I 

376  Hudson  Street 

Hew  York,  New  York  10014 

P.O.  Box  E,  Oak  Ridge, 
Tennessee  -37830 


(208)526.0111 
«xt  1515 

(212)989-1000 

(6l5)i^83^86ll 
ext  .3^510 


2111  Bancroft  W€y, 
Berkeley^  California  94704 

P.O.  Box  A,  Aiken, 
South  Carolina  29801 


(lfl5)8lfl.5121 

,ext'  (>(k  or  8ifl*92lflf 

N.  Augusts,  S.  ' 
(803)821^-6331 
ext  3333  ^ 


\ 


,  b,^    Local  health,  fire,  or  police  department, 
.  c.     Local  cl/il  defense  authorities. 

d.  Nearby  military  installation. 

e.  ,  Nearby  scientific  laboratory. 
II.    Matter' Mailable -Under  Special  Rules. 


Authorized  mallable^radloactlve  materials  include  only  those  which  are 
classified  as  "small  quantities"  of  radioactive  materials  or  "radioactive 
devices,'*  as,  prescribed  in  i*9  Code  of  Federal  Regulations  173.391.  These 
authorized  materials,  the  m^imum  quantities!  mailable,  and  the  conditions 
under  which  they  may  be  mBlled  are  described  below 
^  i     •  - 

«mall  Quantities  (i*9  CFR  173.39l(a*)), 

*       *  •       ♦  -  -# 

Transport  Group  (173.389(h)) 


^5 


Z,  IV,  y,  or^-VI  > 
VIII 

Bjpecial  form  radioactive  materials 

(173.389(g)) 
Tritium  oxide  in  aqueous  solution 


Maximum  Quantity  per  Package 

0.01  milicurie 

0.  1  millicurie 

1.  0  millicurie 
V    25*.  0  curies 

1 .  O  millicurie 
0.5.  miMicarie/milliter 
(3  curies/package  limit)    .  '  j 


'Pifisile  radioactive  materials 

(l73-389(a))  15  %rams^ 

*The  total  radioactivity  may  not  exceed  either  the  ^applicable  activity  limi^ 
for  the  a^)|^io^prW  group  or  the  special  forjn  radioactive  m-ate/ial* 

limit.     \^    .'^'"^"-'^^  "  •  ^  " 
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B.  How  to  Wrap  and  Mail. 

1.  The  above  materials  must  be  secm-ely  contained  in  strong,  tight 
packa«ies  to  prevent  leakage  of  the  contents  during  normal  postal 
handling.    Liquid  radioactive  materials  must  additionally  be 
packaged  within  a  leak- resistant  and  corrosion  resistant  inner 
container,  surrounded  by  sufficient  absorbent  material  to  absorb 
'at  least  twice  the  volume  of  the  liquid  radioactive  contents. 

2.  The  radiation  dose  rate  at  any  point  on  the. external  surface  olj 
the  package  must  not  exceed  0.5  mUlirem-per  hour.. 

3..    There  must  be  no  significant  radioactive  material  on  the  exterior 
'-^  of  the  package  (U9  CFF  173.397). 

k.     The  outside  of  the  inner  container  must  )3ear  the  ibarking  "radio- 
'  active  Material  -  No  Label  Eequired." 

C.  Radioactive  devices  (U9  CER  173.39l(^))  -  Manufactured  arttcles  tuch 
as  instruments,  clocks,  electronic  tubes,  or  apparat\ft,  or  other 
simixar  devices,  having  radioactive  materials  (other  than  liquids)  in 
a  nondispersime  form^,  as  a  component  part,  are  mailable  providing 
that  the  following  conditions  are  met:  , 

1.  The  radioactive  materials  must  be  securely  contained  within  the 
device^,  or  securely  packaged  in  strong  tight  packages,  such 
that  there  will  bp  no  leaka/5e  of  radioactive  materials  under 

.conditions  normally  .encountered  in  postal  handlj.ng. 

2.  The  radiation  dose  rate  at  4'inch^^froni  any  unpackaged  package 
device  must  not^  excVd  10  mlllirem  per  hour, 

3.  The  radiation  dose  rate  at  any  point  on  the,-c||flfnal  surface 
of  the  outside  container  does  not  exceed  0.5  »Uirem  per 
hour.  .  '  •  . 

■   U.     There  must  be  no  significant  radioactive  material  on  the 
exterior  of  the  packtge  (149  CFR_  173-397,). 

5.     The  total  radioactivity  content' of  a  singl©  package  containing 
•radioactive  devices  mu  .t  ret  exceed  the  quantities  shown  in  the 
following  table:  ,      . .  , 

Transport  Group  ^  Quantity  in  Curies 

— ;  ^ — T          •  ^  Per  Device  Per  Package  . 

I  ...  0.0001  .  0.001 

II  '  0.001  0.05  . 
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ftraoBport  jGro^up  -    '  -  Quantity  In  Curies 

Per  Device       Per  Package 

*•  » 

in  0.01  3.0 

IV  .  0.05  3.0 

'    V  or  VI    ,  1.0  1.0 

VII  »        25.0  200.0 

Special  form  radioactive 

materials  0.05  SO.O 

Fissile  radioactive  materials         15  grains*  I5  grams* 

*The  total  radioactivity  may  not  exceed  either- the  applicable  activity  limit 
*for  the  appropriate  transport  group  or  the  special  form  radioactive  material 
limit. 
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12  November  im 


If- 


RADIOACTIVE  fcUTEKlALS  MOVEMENT 
□  SHIPMENT  C  RECflPT 


{See  lottrvitnoft*  or<  rrvef»r  / 


I  TOt  r>^»»-#«  ZIP  cw«; 


2  FKOM'    lAcfwtf*  ri^  CW«> 


SMI^MCN  T 

TMC  AtOVC  OCtC«litO  AHHC-ES  AfllE  ^«O^E«LV  CLASJtFlEO,  ^ACKAOEC,  MA«KEO.  ANt)  LAgCLEO.    THE  AflTlCLES  A«E  V* 
^HO^EH  CONDITION  rO»<  ▼«AN$PO«TATlOM  AND  TmE  S^HEAOAIlE  ACTIVITY  AND  OOSE  «ATES  A«  WITHIN  TMC  S^EClftEO  LIMlTl, 
AS  ^WESCHIIED  ly  A^^L'CAfcLE  WECU^A'^^OHS    Q  f  Tng  0E»  AUTMEN^  OF  f^ANS^OW^^T.OM    AMQ  QgPA  WTMCNT  Or  THE  A»MV 


f   S^ECIAt  PRECAUTIONS 


i7. 


DATE 


n    SIOMAtOUE  OF  TflANSFOHTATIOM  0 FFICE|J,r»>/j>^/rt<  0»<«/»l"»<«rt;» 


OMAOE  AND  T|^E 


U  Of^CANIZATION 


>A  FORM  2791     1  0<t  70 


T?e7rAcc^^^o»«^7»t^^u»^4^MTorT^«5t7^ 

rP#ptf  •Is:  I"  «  /O'/^",  /m#te  •lit,  «  /0"> 
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12  Norember  1970 


AR  5S-SS 


^HZ  ARTICLES  DCSCmSCO  OM  HCvCiae  VZnZ  necCIVCO  IH  ^AO^CR  TIUU*»^HTiJTf05*  CONWTIOH.   TMti^RCAOA«LC  ACTIV' 

try  AND  oosc  rates  arc  vithim  tmc  s^ccificd  limits  as  ^RCscmacD  w  a^plicaslk  iiecuLAT»ON  or  the  oc^artwcmt  or 

TRANS^RliATlOM  AND  TMC  DC^ARTHCMT  Or  THE  AH>ry  EXCEPT  AS  MOTCD  •Cl.OW.  * 


IS.  rcwa^ 


14.  VCttATUNC  or  RAO<AT»ON  ^ROTCCTlOW  OmCCfl  m*c*tvlf<4  Ot$m»lt^Um) 


»  sicMATUPc  or  CONSICnEC 


CAAOe  AND  TITLE 


tC  ORCANlZATIOK 


mSTRUCTIOKS 
GENERAL 

Fof»s  wttl  b«  useiJ  to  identify  rtdioactl^ft  ship- 
ments orif  inated  by  Aray  elements  for  protection 
of  shipping,  transporting,  and  receiving  person- 
nel and  to  assure  coapliaoce  with  DA  and  other 
regulations.  Receiving  orga*nuEations  will  Qse  the 
fora  to  record  receipt  of  radioactive  alsipMats 
iroin«Army  and  not>>ArBy  elenents  and  to  indicate 
any  necessary  ladiatioh  protection  action.  Certi- 
tification  by  the  radistiOQ  ptotectioo  officer  indic- 
ates that  ail  necessary  radiation  sxMveys  and  smear 


tests  vere  nade  with  appropriate  radsatsoa/cocitanina-  ' 
tion  measuring  devices.  See  also  paragraph  3-5, 
AR  55-55.  Shippug  organizations  will  complete 
three  copies,  retain  one  for  record  purposes,  and 
deliver  one  to  the  carrier  who  will  deliver  one 
copy  to  the  receiving  organization.  When  for«s  are 
o/iginated  by  receiving  organizations,  sufficient 
copies  will  be  prepared  for  record  purposes  and  use 
in  follow*up  action  as  necessary. 


EXPLAHATtOH  CF  f  ORM 


U-  Iteos  1,  2.  3,  4.  5.  Self-explanatory.  ^ 

2.  Item  6a.  Indicate  nunber  and  kind  of  packages 
and  package  markings,  if  narked. 

3.  Item  6b.  Indicate  number  Of  items  contained  in 
pacJcage(s)  shown  in  coluain  6^.  Each  type  of  item 
shoqid  be  listed  separotel^. 

4.  Item  6c.  Enter^sufficient  information  to  identify 
the  item(s).  Include  Federal  Stock  Number,  if  any. 

5.  "  hem  7*.  Ishow  total  number  of  caries,  milli- 
cuties,  or  raicrocuries.contained  in  package(a)  in 
Column  6«.  and^  if  available,  the  number  of  curiea, 
;Dillicuries  or  microcuriec  contained  in  each  item. 
Indicate  chemical  clement  and  mass  n*imbcr  of  , 
radioisotope  and  vthether  Liquid,  solid,  or  gasoous, 
and  sealed  or  unstalad. 


6..  Item  7b.  Indicate  radiation  levels  in  mR/hr. 

7.  Item  8.  Self-explanatory. 

8.  Item  9.  List  special  precaution  necessary  in 
handling,  transporting  and  storing.  Where  shipments 
are  at  variance  with  or  are  exempted  froM  portions 
of  the  regulations  (i.e.,  Ubelirig,  packaging,  con> 
Jainer  apecification),  include  a  atatement  to  so  in- 
dicate and  list  specific  authority  for  the  variaode  or 
exemption. 

9.  Items  10,  11,  12.  Self-explanatory* 

10.  Item  13.  Record  exceptions  jto  receipt  state-^ 
nent  and  follow-up  actions  taken.  If  none,  ao 
indicate. 

la.  Iteibs  14,  15,  16.  ,Self*explanatory. 
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DISPOSAL  OF^RADIOACTI VE  MATERIAL 
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DF4IO.  DISPOSAL  OF  RADIOACTIVE  MATERIAL 

1,     References:-^  ^Hondouts  -  Section  Til;  m  ^-260;  AR  755-  15;  CFR  Title  10, 
V  *  Part  20,  _        '  .  • 

II S    Lesson  Objectives  and  Notes, 

A.     Federal  Waste  Disposal  Regulations. 
'        B,      DA  Waste  Disposal  Program,. 

C,      Present. and  Future  Methods  of  Waste  Disposal. 
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Notes-: 


r 


III.    Handouts:       ^  -  ' 

*  A.      Examples.  *  / 

B.    Vu-Graphs  used  in  lesson  presentation. 
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DEPARTMENT  OF  TrlE  ARMY    •  .  " 

U.  S.  ARMY  CHEMICAL  CENTER  AND  SCHOOI, 
Fort  McCiellan,  Alabama  ^6201 

SUBJECT:  .  Request  for  Disposition  Instructions 

THRU:         Commanding  Officer  ' 

^      USA  Schpol/Treining  Center, 

Fort  McCiellan,  Alabama  ^36201  •    *  ' 

CG,  Third  U.  S.  Army 

ATTN:    A.TAGL-D-S-S  (Radioactive  Material  Control  Point) 
Fort  McPherson,  Georgia    30330  . 

7 

•  CG,  USCONARC 

^  ATTN:    ATLOG-S/GS,  .    ^  " 

Fort  Monroe,  Virginia  2335I 

TO:    ^  .     Conimanding  Officer 

US  Army  Edgewood  Arsenal  • 

ATTN:'  SMUEA-ISCP  (Radioactive  Material  Disposal  Facility) 
•   .  Edgewood'  Arsenal,  Maryland  21010 

,   ^    Under  the  provisions  of  para  I5,  AB  755-15,  request  disposition  instruc- 
tions for  the  followifig  radioactive  waste  material.       ^  \ 

.    -    .     ■        ■    -     ■•     \  • 

a.  Nomenclature:    Solid  waste  material,  no  FSN.  \  . 

b.  ^Physi9al  description  of  items:  ^  • 

(1)  Solid 

(2)  Quantity:    Not  applicable  ' 

(3)  Number  of  individual  items  per  package  and  typs  of  packages: 
See  para  (6)  below.  '     .  ,  '  , 

{k)    Number  of  shipping  containers:    Twenty-seven  (27) 

>  (5)    Exterior  dimensions  and  weight  of  pack'aged  shipping  container: 
Thirteen  (13)  fifty-five  gallon  drums  weighing  approximately  1,00-0  pounds 
with  a  cubage  of  io.9  cpbic  feet  each;  fourteen  (l^)  twenty-three  gallon  drums 
weighing  appri^xiraately  50  pounds  each  with  a  cubage  of  3.2  cubic  feet  each. 

(6)  Shielding  material  and  thickness:    {The  fifty-five  gallon  drams 
contain  a  twenty-three  gallon  drum  centered  with  a  dense  concrete  poured  com- 
pletely surrounding  it.    (At  least  8"  on  top  and  bottom  and  V*  on  sides.)  The 
twenty-three  gallon  shipping'  containers  contain  no  shielding  material*. 

(7)  Department  of  Tr^'nsi>ortation  permit  or  waiver  number:.  Not  applicable. 
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at  one  m 


SUBJECf:    Request  for  Disposition  Instructions 

Quantity  and  radiation  measurements. 

Miliicuries  Qf  a^U'^/lty  of  each  radioisotope:  Unknovm. 

Maximum  radiation  dose  rates  (mrad/hr)  at  the  surface  and 

 ^   .  _.om*the  surface  of  the  radioactive  item:    This' waste  material 

consists  of  glassware,  filter,  paper,  paper  tbwelling,  cotton  swipes,  smear 
paper,,  sawdust;  an    in^rt  155mm  projectile,  an  inert  105mrh  projectile^  and 
pavement  surfacing  detemined  to  be  contaminated  to  an  extent  that  resurfacing 
'  was' necessary;  therefore,  no  measuremejits  of  the  items  can  be  determined. 

(3)     Maximum  radiation  dose  rates  (mrad/hr)  at  the  surface,  arid  at 
one  meter  from  the  surface  of  the  packages:    See  inclosure.l.  * 

FOR  THE  COMMANDANT: 


1  Incl 
as 
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Container  No. 


J^IOACTIVE  WASTE  MATERIAL 

Surface  Reading  - 
.        mraxi/hr  r 


23  Gallon  Drums 


.  1 

2 

2 

•  -8 

3  ' 

10 

t, 

30 

c 

loO 

0 

190 

( 

Q 

%  1^ 

9 

;  190 

1  A 
10 

30 

iJ. 

liO 

Id 

loO 

Ij 

•  100.. 

if 

90 

allon  Drtlms  • 

15 

6 

16 

90 

17 

5 

18  ■ 

.  106 

19 

120 

SO 

70 

21          '  • 

he 

22 

150 

23 

25 

2k 

.18q 

25 

•  190 

26 

120  - 

27 

90  . 

Reading  at  One  Meter 
^_  mrad/hr 


0.3 
O.it 
1.0 
0.6 
2.0 

3.5 

h.k 

1.9 

3.1 

2,8 


0'.7 
3-.'5 
0.8 

3.5 

2.8 

3.0. 

2.9 

3.6 

1.9' 

5.0 

3.9 

2.9 

2.2 


•  * 

^    Incl  1 
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SMUEA-ISCP      (30  Dec  68)    1st  Ind 

SUBJECT:    Request  for  Disposition  Instructions  ' 

U.  S.  AW  EDGEMOOD  ARSENAL,  Edgewood^rsenal,  Maryland  21010 

5' February  I969  .  ^ 

Comnandins  General,  U.  S.  Continental  Army  Conraand,  ATTN:  ATI/XJ^/GS, 
Foi^  Monroe,  Virginia  23351 

1.  The  radioacti^i^  material  described  in  basic  letter  may  be  shipped  to 
Transportation  Officer,  Army  Chemical  Center,  Maryland  for:  Radioactive 
Material  Disposal  Section,  U.  S.  Army  Eastern  Chemical  Depot,  with  TWO  COPIES 
of  shipping  document. 

2.  The  material  must  be  securely  packaged,  pealed  airtight  in  a  strong 
outside  container  and  shipped  in  accordance  with  Title  i^9>  Parts  I7I  to  179> 
Cade  of  Federal  Regulations,  Transportation,  in  regard  to  external  dose  rates, 
removable  contanxination  on  the  package  surface,  containir  structure,  marking 
and  labeling.    Local^Transportation  Officer  has  Appropriate  shipping  criteria. 

3.  The  certificate  referenced  in  Title  i^9,  CFR;,  paragraph  173.^^30,^  should 
be  placed  on  each  copy  of  shipping  documents  and  signed. 

i+.      Shipment  by- Parcel  Post  pr  any  other  US  Mail  is  PROHIBITED.  Packages 
shipped  should  be  marked  to  indicate  consignee,  consignor,  and  content 
•nomenclature.    Shiisnent  should, 'be  completed  by  28  February  1969.' 

FOR  THE  COMMANDER:  ,  ,  '    .  "  -  . 


1  incl  '  ROBERT  L.  DEAN 

nc  ,      Chief,  Toxix:  and  Radiological  Branch 


Of  ^  ¥:  )k  *  ¥:  * 
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B.    Vu-Graph  Material  Used  in  Lesson* 

Vu-Gra£hs_ 

1.  Accumulating  Organization 

*   Any  Array  acti-snity,  other  than  a  radioactive  material  disposal 
facility,  vhicA  generates  or  accumulates  radioactive  materials. 

2.  Local  Storage 

Storage  of  un^ffmted  radioactive  material  on  a  temporary  tjasis 
only  at  places* other  than  the  Array  radioactive  material  disposal 
facility. 

3.  Army  Radioactive  Material  Disposal  Facility 

A  facility  which  receives  lydioactive  material  from  accumulating 
organizations  and  which  also  Storey  concentrates,  packages,  marks, 
'     label's,  ships,  and  effects  the  ultinJate  disppsal  of  radioactive- 
material.  .    ^  *  • 

h.   \-Radioactive  Material  '  *  .  ■ 

Any  material  or  combination  of  materials  that  spontaneously  emit- 
ionizing  radiation.      ^  ^     '  y*"  * 

•    ^    (L)      Radioisotope  -  any  isotope  w^fH?<^h  is  radioactive 

(2)      Source  material  ,  ^  „  ' 

,  L},)      Special  nuclear  material 

5.      S3  Material  "        '  i 

Collective  term  for  both  '^^rce  and  special  nuclear  material.  SS 
material  includes  plutonium>  thOrium,  Uranium-233,  Uranium-235,  and 
Uranium-239.    In  addition,  whenever  deterium,  tritium,  enriched 
lithium,  pr  compounds  of  these  materials  are  employed  in  special 
weapons  applications,  ti^ey  ^re  considered  to  be  SS  material  and  must  • 
be  controlled,  and  accounted, for  as  .such. 

«^    6r     Disposal  *  •  '  •  •  ' 

The  act  of  getting  rid  of  unwanted  radioactive  material  under  proper 
authority.    Disposal  jnay  be  accomplished  by,  but  is  not  limited  to,  ' 
transfer,  donation,  sale, , or  ultimate  removal  from  the  environment. 

■  629 


^tlimate  Disposal 

The  removal  of  radioactive  material  from  man's  immediate  habitat. 
Ultimate  difsposal  includes  sea  disposal,  lajid 'burial,  incineration, 
and  disposal  into  the  sewerage  cyst em  or  into  local  streams*  It 
does  not  include  action  t'aken  to  return  sovirces  and  special  nuclear 
material  to  DASA  or  the  US  Nuclear  Regulatory  Commission  (NRC)  for 
rep];;ocessing*«^ 


isposal  >  Burying  j^adioactive  materials  at  sea,^  in  water  more 
than  i73tJS^.££thoms  deep  and  not  less  than  10  mi^es  from  shore. 

Radioactive  Wast^  «  - 

Unwanted  material  \<ontaminated^yith  radioisotopes  including  SS'.mate- 
rial,  special  weapons  radioactive  waste^  and  -radioactive  we^iS^ 
associated  with  production,  possession,  and  us-er-of  radioactl-v^e  material 
Radioactive  waste  will  include  property  which  while  originally  non- 
radioactive has.  become  contaminated  to  such  an  extent  that%  it  ia^i  * 
economically  unsound  to  decontaminate  or  ihe  contamination  cannot 
be  reduced  to  a  safe  level. 

SS  Nuclear  Waste  • 

Source  and  special  nuclear  residue^  which  canno^.  be  ecpnoniicaily 

separated  frc%  €hose  material-  which'  they  have  contam^ated* ' 

^  J, 

Controlled  Area  -  any  area  which  is  resHticted  for  the  purpose  of 
protection  of  personnel-  from  e'xposure  to  radiation  and  radibafetive 
materials.  ^  '  ^  ' 

•  « 

l/ncpntrolled  Area  -  any  ar^a  which  is  not  a  controlled  area-  ^ 
Responsibility  of  CG  of  AMC   *  ^       '         '      ,  ^  *  . 

a.  -Formulates  'policies,  procedures  and  methods.  ^ 

b.  Establ^ishment  of  Army  radioactive  material"  disposal^  facilities. 

c.  -fJonducting  s'tudies  and  investigations  to  provide  up-to-date 
methods*  * 

-       .  '  * 

d.  Designing  containers  for  radioactive  waste. ^  ,  ' 

e.  Providing  teclinical  assistance. 
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Vu-Graphs 

10*      (cont)  , 

f.       Providing  technical  advice  for  the  establishment  anrf 
•  ft  operation  of  Army  radioactive  material  disposal  facilities. 

•   g.       Provide  qualified  technical  escort  personnel. 

(Not  a  VG)   Oversea-  Commanders  . 

Major  oversea  commanders,  witli  the  ^xceptibn  of  the  CG, 
Southern  Command,  are  responsible  for  the  following; 

(1)  The  establishment  and  operation  of  oversea  radioactive 
material  disposal  facilities  as  required  for  the  receipt 
storage,  marldng,  packaging,  labeling,  and  shipment  of 
radioactive  material  for  ultimate^ disposal. 

(2)  Support  of  the  radioactive  material  disposal  facilities 
^                 with  personnel  and  equipment. 

(3)  The  establishment  of  qualified  escort  of  radioactive 
waste  shipments  within  the  oversea  ^theater  as  may  be 
required.  - 

(Not  a  vG)  Special,  Problems 

Special'  radioactive  waste  disposal  problems  requiring 
logistical  assistance  wll£  be  directed  to  CG,  U.  S. 
Army  Materiel  Contfffand,  ATTtT;    AMCMA-DA.    Problems  invol- 
ving licensing  regulations,  decontamination^,  and/or 
radiological  safety  will  be  routed  to  CG,-  U.  S.  Army 
Materiel  Command,  ATTN:  AMCAD-S. 
If         "  ^  » 
11.    Segregation  of  Material 

Combustible 

Gas  -  *  , 

^    '  Liquid  '     '  , 

Solid  ^  ,  '  .  '  * 

Noncombustible  *  .  '        .  * 

Gas  .    .      ■•  .  '" 

Liquid 

Solid  ^  .  ■ 

^603  ■  .;. 
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12.  Storage  of  Isotopes 

I  ^  Materials  will  be  stored  in  covered  containers.    Each  container 

.  having  radioactive  materials  stored  therein  will  display  the 
following  up-to-date  information:  ' 

(1)  Radiation  symbol  and  words  "Caution  -  Radioactive  Materials.** 

(2)  Radioisotope  present. 

.  (3).     Level  of  activity;  i.e.,  number  of  curies,  millicruiL^s  or 
jnicrocuries. 

(U)     D^te  on  which  the  level  of  activity  was  measured. 
(5)     Maximum  dose  rate  (mrad/hr)  at  the  surface  of  the  container. 
*  (6)     Majcimum  dose  rate  (mrad/hr)  at  1  meter^rom  the  surface. 

13.  Area  Posting 

"Radiation  area'j  for  the*  purpose  of  disposal  of  unwanted  radio- 
-  active  materials  means  any  area,  accessible  to  personnel,  ip  which 
•  there  exists  ionizing  radiation,  originating  in  whole^  .or  in  part 
within  licensed  or  unlicensed  (or  radioactive)  material,  at  such 
level's  that  a  m^jpr  portion  of  the  body  could  in  any  hour  receive 
a  dose  in  excess  of  5  millirem.    If  this  area  exists  outside  a 
fenced-in  area  it  will  be  delineated  and  proper  signs  placed. 


lU.     High  Radiation  Area 

A  "High  Radiation  Area"  is  any  area  accessible  to  personnel  in 
which  there  exists  radiation  at  such  levels  that  a  mp^jor  portion 
of  the  body  could  receive  in  any  one  hour  a  dose  in  excess  of/lOO 
millirem.    If^  this  area  exists  for  mpre  than  30  days,  it  wili  be 
•  equipped  with  control  devices  als  required  in  Title  10,  CFR;SO*203. 

15.      Airborne  Radioactivity  Area 

An  "Airbpme  Radioactivity  Area"  is  a  room,  enclosure,  or  area  in 
which  the  airborne  radioactive  materials  exist  in  concentrations 
in  excess  of  25  percent  of  the  amounts  specified  in  App  B,  Table  I, 
Column  I  of  Title  10,  CFR  20*. 
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16.  Marking  of  Radioactive  Materjlals  and  Containers 

Each  room,  area  or  enclosure  containing  radioactive  materials 
will  be  conspicuously  pos-ted  with  "radioactive  material"  warning 
signs.  .  . 

Storage  or  shipping  containers  containing' radioactive  materials 
will  be  conspicuously  posted  with  the  radioactive  material  tag. 
The  information  requested  on  the  tsig  will  be  completed  in  indelible 
iiflj;  or  pencil. 

17.  Sources  of  Waste  Material,  liiqui'd  and  Solid 

1^  Ore  processing  results  in  low-specific  activity  waste  containing 

alpha  emitting  isotopes  of  uranium.  :  ^ 

Decontamination  wastes  are  usually  char act erizecl  by  large  volume 
and  small  quantity  of  radioactivity,  the  result  of  flushing  or 
rinsing  to  effect  decontamination.  ^ 

Cooling  fluids  from  operating  nuclear-  reactors 'become  radioactive 
largely  as  the  result  of  neutron  bombardment  of  the  coolant  itself. 

Laboratory  waste  will  produce  high  levels  of  activity  and  will  be 
small  in  volume.    Decontamination  of  glassware,  gloves,  and  equip- 
ment will  produce  la^'ge  quantities  of  low  level  waste. 

/ 

18.  Types  of  Waste  .   ;  •  '  . 

High  level  waste  is  that  having  an  activity  level  of  a  curie  or 
a  curie  per  gallon  if  liquid. 

Intermediate  level  waste  is  that  havijig  an  activity  level  of  a 
millicurie  or  a  millicurie  per  gallon-  if  liquid. 

*  / 

Low  level  waste  is  that  having  an  activity  level  of  a  micracurie 
or  a  microcurie  per  gallon  if  liquid. 

19.  Information  in  Disposal  Request 

1.       Nomenclature  and  National  Federal  stock  number  and,. when 
applicable,  serial  numbers  will  be  shown.     ,      •  ^ 

'  2.       Physical  description  of  items  to  include: 

a.  Solid  and  liquid* 

b.  Quantity  (number,  weight' and' volume)^. 
O  .633 
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c,  Number  of  individual  lijetos~i>er-:pQ?ckage^  a^ 
package*  -  t  '    -       - ".'^ 

d,  J  Number  of  shipping 'containers. 

e,  'Exterior  dimension  and  weigixt  of  packaged  shipping 
.  containei-/  ~  ^  ' 

'    •    f.       Shielding  material  and  thickness,  if  applicable. 

.g.       Department  of  Transportation  (B  of  E)  permit  or 

^  .       '      waiver  number,  if  applicable. 

^  * 

Othei'  Information  Needed' 

■J* 

1.  Chemical  and  radioisotopic  description, 
a.       Hazardous  chemicals  present. 

For  liquids,  the  solvent  preseftt.  ^ 
Radioisotopes  present.  '  ^ 

2.  '     Quantity  and  radiation  measurement  to  include: 

a.  Millicuries  of  activity  of  each  radioisotope. 

b.  Maximum  radiation  dose  rate  (mrad/hr)  at  the  surface 
arid  at  1  meter  from  the  surface. 

Labeling  for  Common  Carrier  Shi-pment. 

1.  '  Radiation  symbol  and  "Caution  Radioactive  Material. 

2.  Consignee. 

3*       Maximum  dose  rate  immr/hr  at  surface  of  pacjc^e. 

k.       Maximum  dose  rate  in  mr/hr,at  1  meter  from  the  package.  ^. 

5.  Radioisotope  present.  ^  , 

6.  Amount  of  radioactivity;   i.e.,  number  of  curies,  millicuries 
or  microcuries. 

6  06.' 
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(Not  a  VG)         ^  ' 

•     ^       ^  -'Requests  for  disposal*  instructions  should  be  .submitted  thxjough 
major  CONUS  Cc^mand'Raiioactive  Material  Control  Point- tpv-. 

Commanding  Officer 
USA  Edgewood  Arsenal 
•  ATTN:  S14JEA.ISCP. 

Edgewood  Arsenal,  Maryland  21010 

Vu -Graph  3 

^  22,     Ultimate  Disposal  , 
1*       Buria^/t)f  waste  material ♦  *     *  i 

2,     .  Sea  disposal • 

5*.      Sanitary  sewerage  disposal.      *  * 

Transfer  to  other  licensees. 
5*       Underground  storage/ 
6»  Incineration^ 
23.     BuriaL  of  Waste  Materials  '  ' 

Regulated  by  paragraph  20.203;  Part  20,  Title  10,  CFR* 

(1)  1,000  X  limits  set-  in  App  C,  title  10;  Part  20,  CFR. 

(2)  \  feet  deep. 

'(3)  *  ^6  feet  apart.  ^""^ 
'  {k)     12  burials  peT^ar.  * 

(5)     No, more  than  1  curie  csCn  be  buried. 
'(6)     Should  be  marked  and  in  an  isolated  area •  ^ 

*  •  V 

(Not  a  VG)  .     .  • 

'Sanitary  Sewerage  Disposal  (regulated  by  para  20.303>  Part  20, 
j       Title  ^10,  CFRJ*  *                                ,  ' 

^       No  licensee  shall  discharge  licensed  material  into  a  sanitary 
sewerage  system  unless: 


4 


'*•"(!)   .  It  is  readily  soluble  or  dispersible  in  water. 

:  (2)     The  quantity  in  1  day,  if  diluted  by  the  average  daily 

quantity  of  sewerage  released  into  the  sewer  by, the  licensee^ 
will  result  in  an  average  concentration  equal  to  the  limits 
specified  in  App  B. 

Table  I,  Column  2,  or  ten  times  the  quantity  of  such  material  specified 
in  App  C  of  this  part.    Th^  larger  value  is  to  be  taken: 

(1)  Ift  any  one  month,  if  diluted  by  the  average  monthly  quantity 
of  water  released  by  the  licensee,  will  not  result  in  an 
average  concentration  exceeding  the  limits  specified  in 

App  B,  Table  1,  Column  2.  ' 

(2)  The  gross  quantity  of  licensed  and  radioactive  material 
released  inio  the  sewerage  system  by  the  licensee  does  not 
exceed  1  curie  per  year. 

2^.    '{Not  a  VG)  App-C,  Title  10,  Part  20,  CFR.^ 
Records.  -  ' 

a.  Personnel.    T         •  . 

b.  Swipe  Test.  ^.  "         '  ' 

c.  Vault  Readings. 

d.  Disposal  Readings.  ^ 


ERLC 
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You  have  recently  been  assigned  as  the  Radiological  Safety 
Officer  at  an  instillation.    One  of  your  duties  is  disposal 
of  radioactive  materials.    One  of  the  using  agencies  at  this 

installation  has  turned  in  0.1  \xCi  of  "^"^Ag  soluble;  What 
avenues  are  open  to^X)u  for  disposal  of  this  material? 


Following  the  situation  as  outlined  in  problem  1,  if  the 
ssinitary  iewerage  is  to  be  used,  what  operations  must  be 
accomplished?    (Work  the  solution  out  in  detail.)  ^ 


609         '     ^  - 
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If  in  the  above  situation  the  isotope  had  been  ^Sn  soluble 
and  the  quantity  was  1  \xCi,  what  action  would  be  necessary  to 
dispose  of  this  material  through  the  sanitsiry  sewerage?" 


( 


You^  as  disposal  officer,  are  given  a  small  amount  of  liquid 

210 

solution  containing       Fb.    The  reading  you  get  on  this  sample 
after  all  correctioris  are  made  is  2,500  disintegrations  per 
second.    You  wish  to  dispose  of  this  isotope  through  the  sani- 
tary sewerage  system.    What  action  must  be  taken? 


6'io 
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5.       An  unknown  isotope  gives  reading  of  30; 000  disintegratiprfs 
per  minute  after  corrections  have  been  made*    What  ^ctiofi 
must  be  accomplished  to  dispose  of  this  .material  through 
the  sanitary  sewerage  system? 


6.      .You,  as  disposal  officer,  have  been  given  the  following 

.    amount  of  radioactive  material  in  liquid  solution:  -  50jJLCi  of 

-^^C,  35^Ci  of  ^^Gb,,  h.2  \iCi  of  ^%e,  3\^Ci  of  "^^^  and  6  [iCi 

of  ,  I.  Can  this  material  be  disposed  of  through  the  sanitary 
sewerage  if  the  average  monthly  -flow  of  water  through  the  sani- 

^  tary  sewerage  is  9  ^  ^0^  ml.    ifou  have  no  preVious  dump  in  the 
sanitary  sewer. 


ERLC 
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Solutions. 


a.      Request  disposal  instructions  through  major  CONUS  Conrnand  ' 
Radioactive  Material  Control  Point,  frbm: 

Commanding  Officer 
^     ATTN:  *  SMUEA-ISCP 

APG-EA,  Maryland  21005 

jShip  the  material  according  to  instructions  following  the 
regulations  established  by  the  Department  of  Transporta- 
tion. 

b.  IM.spase  of  th^  material  through  the  sanitary  sewerage. 

c.  Store  material  and  allow  for  decay  since  this  isotope  };ias*a 

rather  short  half-'life,     ^  -  .  ^  '     <  * 

'  "       ,   *'  J* 

i 

To  use  the  sanitary  sewerage  the  requirements  in  Title  10,  CFR  20, 
must  be  met. 

Paragraph  20.303  states  in  subparagraph  b(l)  and  bf2)  thje  ajnount 
that  can- be  released;    b(2)  is  the  laj'ger  -  1,000  PtCi. 

From  App  C  -    100  uCi  x  10    =  1,000  nCi      .  ' 

The  material  can  be  released  directly  to  the  sanitary  sewerage 
without  dilution  provided  the  averatge  monthly  water  sewerage 
rate  is    ,  ^ 

or  100  ml  of  water  ' 


1  X  10"-^ 


3.      Maximum  allowable  concentration  which  can  be  eliminated  through 
the  sajiitary  sewerage  Xs'  5-x  10  tiCi/ml. 

Amount  to  be  disposed  of  -  l^iCi. 
IjxCi 


5  X  10' 


TP       =    2,000  ml  of  water  needed  for  dilution. 


From  App  C  -  10  |iCi  x  10  =  100  liCi  -  maximum  amount  that>  could' 
be  disposed  of  in  1  day. 


640 
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h.  Maximum  allowable  concentration. 
—  k  X  10"^  ^iCi/ml 


Amount  to  be  disposed  of 

,— 2500  dgs   ^    2.3  X  103     ^  6.76xlO-2^Ci 

3.7  X  10    dps/jJiCi  3.7  X  10 

^•76  X  10-^     ^    1.69x10'^  - 
X  10"*" 

l6,900^nil  of  water  needed  for  dilution. 
Given:    30,000  dpm 

-      605|£  , 
mm 

Conversion  factor:  3*7  x  10    dps    =    l^iCi               .       •  * 
 ^°-2E|^  .    1.35     10-'  ^01               .  • 

From  App       Footnote  2  (10  CFR  20)  the  maximum  allowable 
concentration  is  „  * 

k'x  10'^  tiCi/ml 

^. 

From  App  C  (10  CFR  20)  the  maximum  allowable  concentration  for  an 
unknown  radioisotope  is 

* '        ^  '  O.l^iCi. 

*  From  para  20.303b(2)  (10  CFR  20)  ten  times  the  amount  listed  above, 
or  10  X  O^ljiCi   =    IjJiCi  may  be  disposed  of  through  sanitary  sewerage* 
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The  amount  of  water  necessary  to  dilute  the  aispos^d  radioisotope 
is  governed  by  App       Footnote  2.  '    •  ^  *  ^   

X  lO^'^^Ci  o  OA  . 
 n—TT^ —     =    3.30  X  10    ml  of  water. 

1;  X 

ml  .  * 

3.38X  10^  ml  of  water  must  be  dumped  into  the  sewer  in  the  month 

-2  ' 
that  the  1.35  x  10  ^  jiCi  of  radioisotope  is  disposM. 

Given:    50|iCi  '"^^C  -f-    (9  ,x  lO^ml)    =    5.55  -x  10^^  ^ 

ml  '  ' 


35nCi  ^Ga  -f    (9  X  10^  ml)    =    3;^  x  lO"^  ^ 

mL- 


'^.2  nCi  ^^Fe  +    (9_4C  10^  ml)    =    1^.6?  x  10"^° 

^  ml 

5  nCi  ^^^w   ^  (9  ^        ^)    ^    5  55  ^.\q-10  liCi 

ml 

6  nci^31j^   (9  xlo9ml)   =    6.67  X  lO-^^liSi 

ml  ■ 

.^Average  monthly  sewerage  volume    =    9  x  10^  ihl) 

From  App  C  ( 10  CFR  20)  allowable  concentrations  are 
seen  to  be  greater  than  actual  concentrations. 


Allowable 

Actvial 

1,000  (JiCi 

50  (iCi  . 

» 

100  iiCi 

35  nci;, 

100  (iCi 

^.2.  (jiCi  ,, 

131/ 

10  (JiCi 

.     6  (jiCi 

185^, 

A      100  (JiCi 

5  (JiCi 

Therefor^  the  requirements  of  Ipp  C  are  satisfied. 
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%o  check  for  compliance  with  the  requirements^  of  Ap.p  B: 

C/^         C^C^^Ga)         O^i^^Fe)  c/^h)'  '     0^(^%  ^ 

MPC^  MPCg  MPC^  ^    WS^  MPCg  "  , 

3.35  X  10^^     ^ ,  3*9'x  10'^     ^    U.67  X  lo'''^^  ^    6.67  x  10"^^  ^    3.33  x  10 
2  X  10^^  1  X  lO*"^  2  X  10**^  6  X  10^^  k  X  10^^ 

=   2.77  X  10^'^  +  3.9  X  10"^  +  2.33  X  lO^'^  +fl.ll  x  10^^  +  1.39  x^l0''7^  i 

»  '  ''  , 

Therefore,  trie  requirements  of  App  *B  are  satisfied  and  the  material  may 
'be  disposed  of  through  the  sewerage  system.  ^ 
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•    ^DF420,  RADIOLOGICAL  DECONTAMINATION 

Reference:  IM  3-200,  ch  2;.  DA  Pajn  50.3^  para  12.71- 
Lesion  Objectives  and  Notes.         .  -  *  ' 

A.  Principles  of  d§ contamination. 

B.  ■    Primary  methods  of  decontamination. 

C.  ^  Preventive  measures 'for  radiological  accident 

D.  Installation  decorxtamination  procedures. 
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Notes: 


.III.      Handoxits:.  DF4'20,  Decontamination  Exercise* 
IV.      Problems:    None  . 


Solutionis:,  None 
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DATA  SHEET  FOR 
DECONTAMINATION  EXERCISE 


Student  No. 
Class 


Date 


BACKGROUND: 


A.  ^  ^mrad/hr 

B.  Scaler:   ^  ^c/m 

II.      DATA:^                                         '                          '          ■  * 
A.      Type  of  Surface:   \  * 


3.      Type  of  Contaminant  (Dry  or  Wet): 

C.      Dose  Rate"  Rea'dings:  * 

1.  Initial:  "  '  ^mrad/hr 

2.  After  blotting  (wet  only)  .^^  ^ourad/hr 

•  After  water:  *     *  . 

-  l€t  application  ;  ^nra^/hr 

2d  application  \  •   ^  i^mrad/hr 

^  Wipe  test*   ^c/m 

■k)nly  performed  if  no  reading  above  backgpround  With  IM-lUl  * 
^  reuiiacmeter.  , 

\.     Aftisr  5^  ^Detergent:    mra^/hr 

5.     After  3lo  6ello solve:    .   mrad/hr 


6.  After  1^  Versene:  ^  ^  .  mrad/hr 

7.  Wipe  Test:^_  ^  ^   t  •  ^  c/m 

8.  Aftdr  1  minute  scrubbing:  ^  ^mrad/hr 

'9.-  Wipe  test  after  scrubbing;  c/m 

10.  -  Final  IM^l^r^'adiQg?   ^_  ^  ^mrad/hr 
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in.  CONCLUSIONS: 


■5 

A.     Easiest  siirface  to  decontaminate: 


B.  -  Most  difficult  surface  to  decontaminate: 

C.  Best  decontaminant  utilized:   


RADIOLOGICAL  DECOOTIAMrMTION  '  \ 

Practical  Exercise 

Laboratory  Briefing,    .   '  ,  ,  , 

a.  Setup.    In  the  laboratory,  each  setup' will  consist  of  several 
contaminated  surfaces  and  selected  decontaminants  and  equipment. 
An.AN/PDR-27J  radiacnjeter  end  Baird. Atomic  'Scaler  wiU  be  used  for 
determining  the  background  and  extent  of  contaminatioji.  - 

b.  Students  will  work  in,  teams  of  three.    One  individual  will  be  .the 
decont.aminator;  he  must  wear  an  apron  and -gloves.    One^  student 
wil'l  act  as  Radiological  Safety  Officer;  the  third  student'  will 
record  the  group's  findings  on  the  data  sheet  {DF420).  ' 

c;  *  ,Each  §roup  will  decontaminate  three  contaminated  surfaces-  After 
each  sui-face  is  decontaminated,  individuals  will  change  jobs  so 
"that  each  student  functions  in  alL  three  positions  during  the 
exercise. 

d.;    The  student 'Radiological  Safety  Officer  will  operate  the  radia<J 
instrument.    He  will  deteitmine  the  background  count,  the  extent 
of  contamination  on  the  surface,  and  contamination  (if  amr^  on 
^    the  student  decontaminator.   '*  ■    '  -    '  \  ^ 

Laboratory  Exercise.'  .      ,*  , 

a.     Determination  of  background.    Student  in  each'  team'  selected  as 

Radiological  Safety  Officer  (RSO)  will  determine  background  with  ' 
the  AN/PDR-27J  and  the  Scaler  (2  min  count)-.    The  recorder  wi-11 
note -readings  on  the^.data  sheet.  ^ 

bv    •  Decontamination  of  wet  surface.  -  "     '       ]  '       "  '  - 

(1)  Each  team" selects. the  surface  contaminated' with  a. liquid 

,    .  cjontaminant.  »  ^he  RSO  determines  the  degree  of.  contamina-^  ' 

^     '  ^  tion  with  the.AN/PDR-27J^    (mTE:    Monitor  the  entire  surface 
*'and  note  the  area  of  greatest ^contamination. )   *  ' 

(2)  ^  Sliudent  decon'taminatqr  uses'  saHitary  papain  to  absorb,  excess 

contaminant  and  places  napkin  in  waste, Container. '   ^  * 

(3)  RSO  again  monitors  surface,    a     »  ^ 

(h)    Deaonta^ninator  applies  water  to  cbritaminate^  area  and  waits 
3'minutes.    He  thfen  blots  water  witK  sdnitary  napkins,' 


(5)  Student  RSO  again  monitors  Vith  AK/PDR-27J.  ,  . 

(6)  ,  Decontaminator  repeats  step  (k)  and  (5). 

(7)  RSO  monitors  surface  with  the' M/PDR-27J'.    If  he  detects  ho  • 
reading  above  backgrpund,  the  decontaminator  performs  a  wipe 

•'     test  of  the  surface^  using  the  brown  paper , swipes.    The  swipe  - 
should  be  placed  in  the  scaler  for  2  minutes;  the  recorder 
notes  counts 'pfer  minute  and  records  on  data  she.et.    If  no 
count  above  background  is  noted,  an'AI  will  confirm  the  team's  ' 
result.  '  Students  can  then  proceed  to  the  next  item  and  change 
■  jobs.  '  •  . 

(8)  If  the  count  in  step  (7)  is  above  background,  the  team  repeats 
,  steps  (h)  through  (7),  using -5^  detergent  solution  in  place  of 

water.        -*  ■  '  , 

(9)  If  count  'remains. above  background  after  step  (8),  use  wetting 
agent  i5i  cellosolve).    If  this  treatment  faUs,  repeat  using  , 
1%  Versepe.  .  ' 

(10)  After  decontamination  with  1%  Versene,  the  decontaminator 
performs,  another  wipe  test.    Recorder  nbtes  counts  per  minute 
and  records  on  data  sheet. 

(11)  Decontaminator  'selects  the  most  effective  de contaminant;  based 

•  '  on  previous  results,  and  brushes  it  on  the  surface  for  1  minute. 
He  blots  the  excess -liquid  with  a  sanitary  .napkin;  the  RSQ  then 
monitors  with  the  AN/PDB-27J.  .  * 

(12)  ^Decontaminatpr  ihen  performs  a  final  wipe  test.    Recorder  notes 

■findings  on  data  sheet.    RSO  takes  final  reading  of  surface  with 
<•  AII/H)R-27J  following  wipe  test. 

(13)  'Teams  select  similar  surface  which  is  contaminated  with  .a  dry 

contaminant  and  repeat  stgps  (3)'  through  (12),  unless  back- 
-    J   ground  is  obtained  in  prior  step.  • 

(ll^)    Teams  select  third  "surface"  and  repeat  steps,,(3)  .through  (12),- 
unless  backgroun4/1J^chieVed  in  prior  step. 
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DF430,  HEALTH  PHYSICS  ENVIRONMENTAL.  SURVEY 


I.  Assignment. 

>  *■  ' 

Read  the  information  below  and  complete  the  requirements. 

II.  Situation. 

\ 

Your  clj^ss  has  been  divided  into  six  teams,  one  team  for  each  area  of 
the  USAOC&S  to  be  surveyied*    You  are  responsible  for  conducting  a 
,  radiological  monitoring  survey  in  the  area  assigned  to  you.    A  formal 
report  will  be  submitted  on  handout  DF430. 

III.  Requirements.  <  " 

«  A.      During  the  class  on  Health  Physics  Survey,  you  are^to  conduct  a 
radiological  survey  using  the  smear  technique* 

1.      Proceed  to  the  scaler  laboratory;  begin  the  background  count 
noting  l^he  starting  time  and  the  voltage  of  the  scaler.  Allow 
scaler  to  r^  vhile  'conducting  the  survejj.    '  ^  , 

^  2.     Using  thjs  equipment  furnished,  pre-plaA  locations  to  be  smear- 
tested.    Locations  to  be  numbered  consecutively  on  digram.  * 

3.      Proceed  to  assigned  areas  and  ^conduct  survey.- 

•    h.     Return  to  scaler  labpratory  and  perform  sdaler  count  (3  minutes) 
on  smears  taken.    Record  on  handout  DF430.    Senior  individucil 
of  team  to" sign  ,as  surveyor.    Don*t  forget  to  record  background. 

5.  If  a^  smear  indicates  1:hree  times  background  or  100  cpm  in  excess 
of  background  contact  the  instructor. 

.  .  ■  * 

6.  Turn  in  to  instructor  the  comijleted  handout  DF430..    This  is  to 
be  utiMzed  as  the*  file  copy  of  the  annual  survey  which  mast  be 

t    \    conducted  within  the  USAOC&S  facilities. 


v. 

B.      Areas  to  be  Surveyed.  "  *  *^ 

1.      Dosiipetry  \ 


2.  •   Laboratory  W 


621 

654 


3.     Health  Physics  Office  ' 
k.      Laboratory  T 
5.  Vaiat 
^    6.     Isotope  Laboratory 
IV.    Handouts:    DF430,  Survey  Results 
V .    Problems :  None 
VI.    Solutions:  None 
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SURVEY  RESULTS 

Sjnear  Test. 

Infltnment  SN  

Backgrouiad   Counts        .  ,    ■  Time  '(Mln) 


CpID 


Sinear 
No- 

Gross 
Coimts 

Time ' 
(Min) 

Gross 
cpm 

BG 

f  Net 
cpm 

1 

2 

3 

/■ 

•  k 

5 

4 

6 

7  . 

f 

8  ^ 

'  \ 

,9 

• 

10 

Counted  by: 

Surveyor 


Hot  6ell 


Ilatrines 
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SCHEMATrC  DIAGRAM  OF  RADIOLOGICAL  LABORATORIES 
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RADIOLOGICAL  SARETY 
INVOLVING  X-RAYS 
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DF440,  RADIOLOGICAL-SAFETY  INVOLVING.  X-RAYS 
References:    None  ,  0 

Discussion  and  Notes: 

A.     Discussion. *  #    '  ^ 

'   1.  Shielding. 

a.  Aluminuni  equivalent  -  the  thickness  of  aluminum  affording  the 
same  attenuation,  undex  specified  conditions,  a's  the  material 

y  in  question. 

b.  ^    Concrete  equivalent  -  the  thickness  bf  concrete  based  on  a 

density  of  2.35  g/cm^  (1U7  lVft3)  affording  the  same  attenua- 
tion, under  specified  conditions,  as  the  material  in  question. 

c.  Filter  -  material  placed  in  the  useful  "beam  to  absorb  preferen- 
tially the  less  penetrating  radiation.  « 

d.  Added  filter  -  filter 'added  to  the  inherent  filtration.. 

e.  Inherent  filtration  -  fiJ-*ration  in  the  useful  beam  due  to  the 
windDw  of  the  X-ray  tvj:^  and  any  permanent  tube  enclosure. 


f^     Total  filter  -«  the/suiji  of  the  inherent  and  added  filters. 
\^ 

g.  Half- value  layer  (hvl)  -  thickness  of  an  absorber  required  to 
reduce  a  beam  of  radiation  to  one-half  its  incident  exposure 
dose  rate. 

h.  Lead^  equivalent  -  the  thickness  of  lead  affording  the  same* 
attenuation,  under  specified  conditions,  as  the  material  in 
question.  ^  - 

2.  Shielding  Barriers. 

a.  Protective  barrier  -  barrier  of  atten\;ation  materials  u^ed  to 
reduce  radiation  exposure.  •  7^ 

b.  Primary  protective  barrier  -  barrier  sufficient  to  attenuate 
the  useful  beam  to  the  required  degree, 

,c.     Secondary  protective  barrier  -  barrier  sufficient  to  attenuate 
stray  radiation  to  the  required  degree.     ^  « 

■*  i  * 

3.  Radiation  and  Radiation  Hazards.  ^ 

a.  Radiation  -  energy  propiigated  .through  space/    In  this  presenta- 
tion, ^rofliation  refers  to  X-rays. 

b.  Leakage  radiation  -  all  radiation  coming  frjom  \^ithin  the  tube 
housing  except  the  useful  beam.  ' 
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c:     Scattered  radiation  r  rMiation  that,  during  passage  through  \ 
*  ^  matter,  has  been  deviated- in  direction.    It  may  also  have  been\ 
'    modified  by  a  'decrease  in  energy.  * 

d.      Stray  radiation  -  radiation  not  serving  any  useful  purpose.  It 
includes  leakage  and  secondary  radiation.  '  ^ 

e^      Useful  beam  -  ihat  part  of  the  radiation  which  passes  through  the 
window,  apertiH-e,  cone,  or  other  collimating  device  of  the  tube 
housing.  •  *  ■ 

f .      Radiation  hazard  -  a  condition  under  which,  persons  might  receive  , 
•  radiation  in  excess  of  the  maximum  permissible  dose,  or- radia- 
tion damage  taight  be  caused  to  materials. 

Beam  Shielding.  .  '     r  -  ' 

a.      Collimator,-  a  device  used  to  restrict  the^size  of  the  useful  beam 
'     to  l?ss  than  the  area  c5f  the  barrier^. 


ao,  fixe( 


1j.  '  Shutter  -  a  device,  generally  of  lea<f7  fixed  to  an^X-ray  tube  ' 
housing  to  intercept  the" useful  beam. 

c.  '  Cone'  -  a  cone-shaped  metal  tube  which  absorbs  the  unwanted  di-  * 

vergent'  rays  frcM  the  X-ray  beam.   Its  purpose  is  to  produce  a 
limited  beam  Qf  radiation  so  that  a  specific  size  film  is  canpletely 
..covered.  •     ,  ' 

d.  Cylinder  ^  a  cylindric^lly  shaped  metal  tube  which  absorbs  the 
unwanted  part  of  the  beam.    The  cylinder  is  designed  to  project  , 
a  small  beam' of  radiation  to  the  center  of  the  Yilm. 

e.  •  Diaphragm  -  consists  o^  a  piece  bf  lead  with  a  small  hole  cut  into 

it.    This  hole  is >  adjustable  on  some  diaphragms* 

X-i^ay  Construction  and  Controls.        ■  ^     ^;  »  ^ 

a.  '    Diagnostic-type  protective  tube  housing  -  X-i?ay  tube  housing  so 

constructed  that  the  leakage  radiation  at  a  distance  of  1  meter 
from  the  target  cannot  .exceed  100  mr/hr  When  the  tube  is  operated 
"  '    at  any  of  its  specif ied 'ratings.  •  . 

b.  .    Therapeutic-type  protective  tube  housipg  -  X-ray  tube  housing  so 

constructed  that  the  leakage,  Eradiation  at  a  distance  o£^  meter 
'    from  the  target  cannot  exceed  1  rad/hr  ar*l  at,  a  distance  i^f  5  cm 
v^from  any  point  on  the  surface  of  the  housing-  accessible  to\he 
patient  cannot  exceed  30  rad/hr  when  the  tube^ls  operated^atN^ny 
of  its  specified  ratings.  •     a  v 
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.Dead-man  switch,        switch  so  constructed  that  a  circuit  cl^^sing 
contact  can'^only  be  maintained  by  continuous  pressure  by  the 
.operator.'  r-/ -        .  '  :  . 

Interlock  -  a  device  for  precluding,  access  to  an.  6rea  of  radiation 
hazard  either  by  preventitig  entry  or  by  automatically  removing  the 
hazard.  ^  ^         '  ^ 

Controlled  area  -  a  defined  area  in  which  the  occupational  expo- 
.svire  of  p^.sonnel  to  raiiatipn  oi*  to  radioactive  materials  iSr  " 
under  the  supervision  of  an  individual  in  charge  of  radiation 
protection.  ^  *  ^ 

^  r 


A 

f .  Radiation  prote^i^j^B  survey  -  evaluation  of  the  radiation  hazards 
jLn'-and  around  an  i^tallation.  It  cuatoma*rily  includes  a  physical 
survey  of  t^e  arrangement  of  the  eocpoSire  rates  under  expected v 

^      operating  conditions. 

Terminology  Used  in  Operations.        -  ' 


a.  .    Constant  potential  -  tjiis  term  is  applied  to  a  unidirectional 

potential  (or  voltage)  vhich  has  little  or  no  periodic  variation. 
The  periodic  component  is  called  the  ripple  potential  (or  ripple 
'  voltage) .  ' 

b.  FOS  -  distance  from  focal  spot  tg/ skin  surface  of  patient. 

c.  Kilovolt  •peak  (itvp)  -  the  cr^st  value  in  kilovolts  of  the  potential 
of  a  pulsating  potential  generator.    When  only  oke-half  of  the  wave 

*  is  used  the  value  refers'  to  the  useful  half  of  the  wave. 

d.  Milliampere  (ma^)  -  current  flowing  in  the"  tube.    Most  X-ray 

machihes  ard  operated'*  at/  or  above,  the  saturation  ^cvirrent  oi 
the  tube.    The  saturation  •current  is  the  m^Lxirnum  cur-rent  .which 
wilj.  flow  from  the  cathode  'to 'the  anode  (measured  in  ma)  re- 
gardless of  kvp  applied.    The  kv  may  b^  varied  independently  of 
.  the  ma,  and  th^' ma  niay 'b6*  charged  independently*  of  the  k^^. 

e.  '     Occupancy  factor  (T)  -  th^  factor  by  which  the  workload  should.be 

multiplied  to  correct  for  the  degree  or  type  of  occupancy  of  the 
area  in  question\.  •  '/  -  ♦ 

'  ^  f ,      Use  factor  (U)  -  the  fraction  of  the  workload  luring  which  the 
useful  beam  is  pointed  in  the  direction  under  conside^i5j|Ltion. 
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Workload  (W)  -  the  use  of  \xx  X-ray  machine  expressed  in  milliampeire 
'mijiutes  per ^ week*  ^ 
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X-Ray  Production. 

a.  Source  of  electrons  must  be  available. 

b.  Means  of  very  rapidly  speediiig  up  (accelerating)  these  electrons,  ^  ' 

c.  Means  of  very  suddenly  stopping  the  electrons.  , 
Radiograt>hic  Installations. 

>.  ^  •  / 

a-r«     Useful  beam  pointed  mainly  toward  the  radiographic  table  and  chest 
.        cassette  holder. 

b^     .Protective  enclosure,  so,, located  that  X-ray  technician  gan  observe. 
'      and  communicate  with  patient. 

c.  Le6d  glass  w^dow  sufficient  size  (not  less  than  10"  x  12") •  Center 
of  lead  glass  60'*  from  floor. 

X-r^ay  control  booth  accommodates  th^  X-ray  control ^nd  X-ray  tech 
nician.    Technician  can  locate  in  froiit  of  the  lead  glass  window* 

'Stinctural  Detail  of  Protective  Berriers. 

l/l6"  sheet  lead  if  the  required  leal  equivalent  thickness  is  j^o^"  ♦ 
provided  by  existing  wall  or  floor  structure. 
* '  *  * 

b.     No  sag  or  cold-flow  of  lead  shielding  because  of  their  own  weight. 
6,     Joints  in  barri'fer  lap  at  least  ^". 

d.  \  Welded  or  bvirned  seams  not  less  than  barrier  requirement. 

e.  Windows,  window  frames,  doors,  and  door  frames  same  lead  equivalent, 
as  ^adjacent  wall.  ^     '     ^     ■  *•  '  '    .  .       .  * 

f .  Holes  in  barrier  covered  so  overall  attenuation  is  the  «§me. 

g.  *  Louvers  and  holps  for  conduits,  air  ducts,  etc^  provided  baffles 

.  to  waive  aome  attenuation.  *  ^  .  ^ 

I?adiographic  Equipment,  .  ' 

a.  '  The  tube  housing  shouli  be  ^of,  diagnostic  'type;     *     .  t      .  * 

b.  Diaphragms  or  cones  should  be  provided?  for  collimating  the  useful 
beam  and  should  provide    the  same -degree  of  protection  as  that  ire^ 
quired  of  the- housing.  /    .  '  I  •    *  *' 


c.    The  tbtal  filtration  permanently  in  th^  useful  beam  should  be  not 
.  -  less  than  2.5  of  aluminum  equivalent.'  This  reqiiirisment^ay 
be  assumted  to  have  been  met  if  the  hyl  is  not  les»  than  2.5  mm 
aluminilm  at  normal  operating  voltages.   The  tube  may  be 
assurped'to.have  an  inherent  filtration  of  0.5  mm  aluminum 
equivalent.  ^  . 

d.  A  deal-man  type  of  exposure  switch  should  be  provided  and  so  arranged 
that  it*  cannot  be  conveniently  operated  outside  a  shielded  area. 
Exposure  switciies  for  "spot-film"  ,devic4ss  used  in  conjxmction  with 
fluoroscopic  tables  are^excepted  from  this  shielding  requirement. 

S'tructural  Sftielding. 

a.  All  inside  walls  and  dbors  should  have  a  lead  equivalent  thickness" 
of  1/16'»  to  a  height  of  7  feet.  \ 

*  I 

b.  The  floor  should  have  a  lead  equivalent  thickness  of  17 16"  if  the 

area -below  the 'radiographic  room  iQ*or  could  be  ^occupied. 
*  ^       *^  ' 

p,  .   The  ceiling  should  have  a  lead  equivalent^  .thickness  of  l/3-* 

area  above,  the  radiographic  room  is  or,coulJ«be  occupied.  ' 

* »    •  }►  '  •  '         •  f 

d?     If  the  chest  cassette  holder  is  located  against  the  outside  wall 

and  the  area  within  5^  feet  beyond  the  outside  wall  is  occupied,        ' \ 

.  the  wall  behind  the  chest  cassette  holder  should  have  a  -lead  equi- 

valenjt  thickness  of  l/l6".  ,Tfiis  area  should  extend  from  the  floor 

to  a  height  of, 7. feet  and  extendp2 ,feet  beyond  the  sides  of  the 

cassette  holder*  ^    '  .  .  ' 

e.  The  X-ray  control  cabinet  should  be  located  in  an  adjacent  room  or  . 
in  'a  shielded  booth  >/4thin  the  'same  room.    The  c'on,trol  booth  should 
be  so  arranged  that  the  radiation  has  to  be  scattered  at  leasjb  ^ 

\    twice  before  entering  the  booth.    Ilhe  lead  equivalent  thickness  of*  S 
the  booth  wall  Should 'be  l/l6".   *  "  -  '* 

An  observation  window  having  a  lead  equivalent;  thickness  of  l/l6" 
'should  be  provided*  in  the  control,  booth  vail  for  the  Xrray  techni- 
cian.   The  window,  shotild  provide  a  convenient,  unobstructed  view       .  . 
of  ait^«Bfeas  withia  the'  radiographic,  ro(^  where  a  patient  may  be 
placed  for  radiography.  *         ,  •  ' 


12;    other  Items  of  Interest. 
/   a.     Lead  Equivalents* 
Lesd 


NOTES: 


1/16  inch  l/32viflch 


Brick    ^.  (k 

Granite  ^  ^ 

'  Limestone  •  '5  /  - 

'  Marble  1*^ 

Sand  plaster'-  7f 

Sandstone'  '  5I 
Siliceous  C9ncrete  5 

Tile  .  6J 

Radiat|.on  Protection  Stanclafds 


2  3A 


1 
3^ 


'  r 

Radiation  workers: 
Whole  body, 

gonads,  blood- 
forming  organs; 
and  lens  of  eyq  O.I 
Skin  of  w^oie 

body 
Hands  and  fore- 
arma,  head,^ 
necl^,  feet, 
'and  ankles 
Environs  (non- 
radiation 
^  workers): 

• '  Any  part  of 

bddy      '     "      .  .01 


Average 
weekly  - 
dose* 


13-week  I  Maximum 
dope      ;  yearly^ 
•  '     dose^  * 


U25 

10 


r  a 


30- 


75-' 


0:5 


^{aximum 
accumulated 
dose***  I 


5(N^l8) 


N  -  age  in  years  over^lS  *  ^  \         ^  ^ 

For  design  pxxrposes  only.  '         ,  * 

When  "the  previous  ocbupatlonal  exposure  history  of  ari  individual 
^  is  not  .definitely  known',  it  shall  be  assumed  that  he  hfis  already 
received  the  full  dose  permitted  by  the  formula '  5 (N- I8) . 


'Dental  Unit  Output. 


Target  ' 

kvp         skin             Tdtal     r/ma-  r/ma- 

^  .distance                *    min  ^  sec 
 — ^j'.i..    —  .  


"Inches 

mm  Al 

50 

k  • 

1.5 

12 

0.20 

70 

,  "8  .  • 

1.5  ■ 

8.3 

0.1k 

70  . 

1.5 

2.1 

0.03 

•  90  • 

8 

2.5 

8.1^ 

o.M 

'Exposure  Distances,  -  <  *♦ 

Circular  area  arouni  the  beam  when  perpendicular  to  the  table  top 
v/here  occupancy  is  to.be  *pre vented,    100  mr/wk  levels  are  given 
for  radiation  workers  and  10  mr/wk  levels  are  given  for  non-radia- 
tion workers. 


Weekly  workload 


Radiation  wor-kers 
radius  for  100 
•  mr/wk   J 


Non-radiation 
workers  radius- 
fior  10  mr/wk 


1500*  ra*am 
1000  mam 
500  man 


10  feet 
7.5  feet 

5'  feet 


§0.  test 
22. feet' 
Ik  '  feet 


.mam, 


milliamp'eres  minutes 


Wedge  area  of  the  beam  in  lateral  radiography  in  which  occupancy 
is  to 'be.  prevented,    100^  mr/wk  levels  are  given  for  radiation 
workers  and  10  mr/wk  levels  for  non-radiatipn  worker^- 


Weekly  workload 
mam     -■'  mas 

Eadiati'on 
,  \  "vJqrk^rs  100, 
'  mr/wk 

^  Non^-radiatipn 
workers  10 
mr/wk. 

150  " 

9000  ' 

'  50  feet  ' 

120  feet  , 

100 

■  6o6o 

kk  feet         *  ' 

105  feet 

•  50 

-  3000"  , 

>'    32  feet 

70  feet  • 

■  25 

1500  ' 

•62  feet 

10 

600  ' 

kk  fleet  ' 

5 

306 

32  feet 

1 

bb'4 


MCALTH,  eOUCATION,  ANO  HCL^ AM^ 


X'RAY  PR0TCCT10H  SURVE'  REPOIfr 
FACILITY 


•VO*CT  tUNKAu  NO  41-N*** 


I   NAUC  O'  'AClLITv 


4  bOC  AVION  fSf/**!.  VwfW/'M.  ff*««>  ffww**'; 


1  o 

1 

7 

• 

• 

11 

1} 

I* 

1  Nvu««jp  *aai»NCb  •ya»cnct 


I       X       t       4       •  4 


7    JTATC  COUNTY 


]  [ 


ji,  \9       j;f   ti    tt        St  t» 


» 

 »  u. —  


POSITION 


Tv»f  or  r»cn.T77      I,       f/U»i»  Oflle*         2,        K»iptf«l  3.  C\i*Ac 


4.  M*^ir« 


5.  0**<^  iSMClty) 


□ 


PCRSOHHEt 


"WpRKLOAD" 


quipment. 


FILM  AND 


DARKItdOU 
fftaCEDURE. 

.  \ 


'radioactive 

MATERIALS 


rca^on  pop 

SURVEY 


surveyors 


A.  jrOTAL  NUMSen  OCCUPATlOHAt.t.r  tXPOZf  0 
■  >  TOTAL  NUMg'kn  Of  oWc«ATO«$   ' 


C.  TOT/it.  NUMtjen  MOMITOIteO. 


1 

1 

D    MONITOniNC  SYSTEM  CMPLOYED       0.  H«»*f  «r   n«rw  I.  Cwrt*«<<lr 


C    UONITOMINC  SYSTEM  ^GEQUATC*  ^I.  Ys*  2-. 

r.    MONlTOftlNC  nECONOt  SATIir  ACTOHY         t.  Y#«  2._ 


K«,,     3.  N/A 

,K.         £■  Wa 


C.  LEV€LS/mONTn 

,    '  i  « 


H  MUMB€»  OVER  300  MH'OUARTCH. 


A.  P4t4ENTS  HA0IOO«A«^C0  MT*f%|»  ^/ 
■  .  PATIENTS  rLUO«0«Cb^EO  M*»«<«  P*/ 
C.  TMEKAPY  TPEATMCMTS  r«'  "^fAJ 


4  TbT,AL,HUMgEn  Or  MACHINES  4T  TNIS  r/^CILITV. 
n  ;tOTAC  NUMgtfn  or  units  tTuh*t) 


A.  inkHO  AI^O  TYPE  or  X'«AY  fltM  USED 
■    TY^C  or  INTCNSmriNO  sqnEEN 


Tin 


SS  '    97  9» 

4f 


A.  DAHKnOOM  LIGHT  TIGHT* 
4 

■  .  TYPC  or  OEVELOPEHi 


I.     Y.I   «  2. 


C,  AUTOMATIC  ^«OCESS         ».  V*!  ^  2., 

o.  H&w  orTEN^CMANOCo  rir«»*i>  J 


•  >  #4 

r.  THCnMOwCTEn  ^ncsENT:     I,  Ysi  2.^ 


G.  TEMPCPATU^C  INOICATEO"*   

I.    TIME  IN  DEtCLOPCn  {Mlr»tt»») 


E.  HOW  OFTEN  REPLENISHED  (D*y)  

H.  TIMEU  P«E»EMT"    I.    '  Y»»       2.  ''H* 


□ 


) 


nAqiut4  EVER  PRESENT*  I.   Y»l, 

•  .  OTH^P*1SofoPE»  EVER  PRESENT'      I    Y»» 


J.  lAltUI  2._ 

4.  Rv^Mii  •    5  _ 


OiK««  (s^citr) 


to 

14 
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666  .y 

^633 


monKt-O AO  (Mt-^in/^)]   '     SHIELOIHO  l*^f»RHAX40K  ♦*  MAX.  K VP 


'  LOCATION 

COMPOSITION 
TMICKNESS 

JEN  VI  RONS 
►  OR 

contrcjC 

PRIMARY 
OR 

SeCONOARY 

X 

OCCUPANCY 

TARGET 
TO  WALL 
DISTANCE 

N.e.s. 

REQUIRED 
eARRIEn 

'  ADDITIONAL 
SHIELDING 
REQUIRED 

NORTH  rTop> 

EAST  (Kitl^) 

 1 

^  

SOUTh  (Be>t.) 

r — ' 

1  

: 

• 

1  ' 

1  ■ 

• 

r — — 

SKETCTH  DF  FACILITY  AND/OR  REMARKS  *  * 


i 

• 

J 

r- 

usrt 
— ^, 

,  1 

-5 — 

*  . 

* 

1 

V 

j 

i 

1 

• 

— K — 1 
j 

1  1 

\ 

i 

— t — 

I 

t 



i 

i 

1 

—f  

t 

/ 

'  !  

.f 

1 

I ' 

1 

!  , 

J 

* 

4 
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4 


OC«*AiiTMKMT  or 

tlCALTM.  eOUCATIOM.  ANO  WCLrAMg 
r    «UiC  MtA(.TH  tCMVtCC  * 


X.HAr  PROTECTIOM  SURVEY  REPORT' 
lKADIOOKAPHIC 


i    MAMC  or  rACICtTT 


I.  TCL«V**** 


rOMM  A^^MOVCO 
•  U09CT  SUMKAU  MO.  •••^•O* 


t.  NUUSKM  AttUNKO  ST  A«tNCT 


I.I       »       «       •  • 


4  cOCATtowr5rr««c  •uiWtAi,  J 


•  OATC 


7      •      •      I*     II  II 


tl     14    II     ir  19 


EQUIPMENT 
lOEHTIFICATIOH 


FILTRATION 


••WORKLOAD" 


USUAL 

PROCEDURES 


'It.  EXPOSURE 
SWITCH 


'  TIMER 


PROTECTIVE 

-DEVICES 


STRAY 

IHfADIATION 
MEASUREMENTS 


m  crn  rrm 


It     II      tt  <  19     14      <•  tt 


A.  NUMten  AISIQNCO  UACNike 

■  CONTHOL  PANEL  MANUFACTUfief  *   

C   TO»E  MEAO  MAMUrACTOHEW  AMO  HOOCL   

0.  COMtlMATIOM     1.  jr»»   ^  " 

TYPE:   I.  FirW  R«4l*f»fMc  rir*«lc«f«  «»«el«Myp«>  


r  NUHtEtt  o 


r  TU»E3     j  j 


G    MAXIMUM  KyP 
(RATEOV 


A.  TOTAL  MM,  ALUMINUM  EfiUIVALENT 


M.  MAXIMUM  MA 
IPATEO) 


n 


A.  AVEI^AOE  NUMtER  QP  PATIENTS  PEWVEEK  f««MMl«> 
».  TOTAL  NUMtER  Or  CK  POSUREf  PER  WCCK  (•Htt%*f> 


EXAMINATION 

^  

KVP 

MA  v'' 

/jmz 

MAS 

EXPO- 
SURES 
PCR  «K. 

PILM 
'SIZE 

OUTANCC 

•  CAM 

Typt 

•  CAM  Size 

COLLtWATIOM 

!.  ' 

u 

L 1 

U 

«*     4l  U 

«t  *a 

1 

w 

1  1 

L 

T" 

1 1 

.u 

7« 

•i 

<l     #9  •« 

It  70 

?  71 

»a  7a 

A.  AOCOUATC  LOCATION'      K        Y«i  3.  K* 


'  AQCQUATEl        1.  y«*  2.  N» 


□ 

0.. 


A.QOMAOAL  SNUWrfT PATICNTi 

•.AQCdUATC  0PCRAT04I  PHOTICTIONI 
I 

C.AOEOilATC  miMARV  ANO  SCCONQARV  •ARRICRSi 

a«oiAOHOtTic*Type  tu^c  HouiiNOt 


2.^ 

^3.  H/A 

1  A 

).  

• 

1.  r«a 

3.  M/A 

C 

1.  Yii 

0 

POSItlOH 

EXP01URE 

RATE 

MR/HR 

POtlTfON 

 — 

CXPOSURE 

RATE 

UR/NR 

A. OPCRATOR 

0. 

s 

•  . 

* 

C. 

f. 

(MAXIMUM  RCADMCS  TAKEN  AT  KVP. 

^:i>^  ^  


SECONDS . 


SURVEYORS 
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VtoRKLOAO  (Mm-Htn/wk)  _ 


SHiCLOINC  INFORUATiON 


LOCATION 

COMPOSITION 
AND 
THICKNESS  V 

ENViPONS 

OR 
CONTROL 

PRIMARY 
OR 

SECOfJOARY 

USE 
X 

OCCUPAHCY 

TARGET 
TO  wall" 
DISTANCE 

^,B.S. 
REQUIRED 
BARRIER 

ADDITIONAL 
SHIELDING  V 
REQUIRED  >  ^ 

NORTH  rr«^) 

CAS^T  ( night) 

% 

SOUTH  ra«t.) 

 ^  

WEST  (t.»lt)^ 

AlOVC 

V 

•ctow 

SKETQH  OF  RADIOGRAPHIC  ROOM  AND/OR  REMARKS 


• 

i 

k 

mt 

ust* 

} 

T 

m 

T  — 

? — 

> 

f 
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Ot^ANTMKNT  or 

HtALTH«  CDUCATtON.  AND  VCLFANC 

PU«Lie  MCALTM  tcnviec 


X.RAY  PROTECTION  SURVEY  REPORT 
FLUOROSCOPIQ 


•  UO««T  •UMCAU  HO,  Cl'mOt* 


t«  MAMc  pr  rAciUTv 


t.  T«LK»HONK 


1  NOM^tn  At«i»N«o  9r  AvtNcr 


I        X       •       4       •  t 


4.  WOCATIOM  MtHUkif.  N\^9f) 


7.  »TAT  K 


at*.,  D*r,  Yr.) 


r     •     t     10    t I  II 


4.  CAMO 


II      14     t1      II  17 


EQUIPMENT 

iOENTI. 

FICATiON 


A,  NUMBER  ASSIONrO  UACHINC   

•. CONTROU  PAMCL  MANUF ACT UHCR  2_ 

c.  Tube  hcao  uanupactuacr  ah&'moocl   

D.  COMBINATION'       >.  Y#i  2.  N* 

C.  TY^-      1.  WtUc*\  3.  K*fl>»nt«l 

F.  iMAoe  iMTENsirriNO  oevice  useo*  l.  

0.  OTMCR  lOENTIFJCATION  (Sp^ctty) 


3.  TllllrYf  T«WU 

Y«s  3.  N« 


ACCESSORY 

IVHIEtOmC 


A. "leaoeo  CLOVES-     K  Y.»  2.    .    H*         1  ^  S.  LEADED  APRONt   K  Y«« 

C,  BUCKV  SLOT  COVER.   Y«»  2.  tU  3.  N/A  ^ 

0.  LEADED  DRAfES  AROUND  SCREEN-  .    1.  Y»»  2.  N«  V  N/A 

E.   DTMER  (SMetfy)  .  '  s 


2.  Hm 


DARK 

A0APTATI5N 


A.  OOOOLES  USED:      1.  Y«t 


N* 


B.  NUMBER  OF  MINUTES:. 


EXAMINATION 


A.  UFFER  O.  t. 


USUAL 

PROCEDURES 


B.  LOWER  O.J. 


C.  OTHER  (Sp*cHf) 


PER  CXAHINATIQN 


30Z 


223 


D.  TOTAL  MA*MIN/  WEEK 


S^OT  FILMS 


A.  AVERAGE  EXPOSURES  PER  WEEKi 


/ 

SCREEN  ' 


B.  LEADED  CVAStlATISFACffpW??" 

C.  SNUTTERt  FUNCTION  PROPERLY: 

0.  USEFUL  BEAM  LIMITED  TO  SCREEN;  > 
Ov«»Im»   


'RAV  TUBE* 

1.  >  Y»t; 

2.  

H* 

1.  Y»i  " 

2.  

N* 

3^ 

N/A 

1.  :y«« 

Z  

N* 

3. 

 -Flji»J 

 RIth* 

1.  Y«i 

2.  

N* 

DISTANCE 


A.  TAROET  JO  PANEL  (ineii9»)t 


*ROENT0Ert 
OUTPUT 


A. USEFUL  BEAM  AT  PANEL  SURFACE: 


^/MIN. 


FILTRATION 


A.  TOTAL  MM.  ALUMINUM  EQUIVALENT: 


A.  B«f«f« 


X 


a.  Aft«f 


TIMfeR 


A.  DEADMAN  TYPC  exposure  SWtTCN; 

B.  MANUALLY  RESET  CUMULATIVE  TIMER:  ^ 

C.  pUMULATIVe  TIMER  TERMINATES  EXPOSURE 


I.  Y«» 


2.  N« 


.._r«  '     ^  cQ 


fLUOROSCOPIC 


A.-LlflNT  TIONTj      I.  Yf»     ^  2.  


N/A» 


ROOM  — 
•t. 

POSITION  /'"^ 

EXPOSURE.  RATE  (MR/MR> 

POSITION 

EXPjOSURE  RATE  (MR/HRI  " 

STRAY 
RADIATION 

A.  OPERATOR 

0. 

B,  ABOVE  SCREEN 

E. 

MEASUREMENTS 

C. 

F. 

^llAJtlUUfclREAOlMCS  TAKEN  AT  KVP                MA                SECONDS-  ) 

'surveyors 

A. 

B.  • 

• 

r«v«rc«  sfi/a-fp  ray-^w^*  i 

*  670 

E>r  •k%tch) 

• 

640 

4* 


woUKLOAft  (M^tn/^)  ,  SHIILOIHC  IHFORMATfOM 


CO^^POSITION 
THICKNESS 

ENVIRONS 

OR 
CONTROL 

Pf?IMARY 
OR 

SECONDARY 

USE 
X 

OCCUPANCY 

TAROET 
TO  WALL 
DISTANCE 

N.8.S. 
vRCQUIRED 
BARRIER  • 

ADDITIONAL 
SHIELOINO 
REQUIRED  , 

MORTM  (Tmp) 

tAtr  (Klght) 

I 

SOUTH  • 

*  • 

r 

1 

1 

•CLOW 

SKETCH  or  PLiiOROftCOPIC  ROOM  AND'OR  REMARKS 


Orf»*«llMrNT  or 

MCAUTM    fOliCATtOM.  AKO  WCLF^Rt 

^wauic  MCAtTM  scnvicc 


RADIATION  PROTECTION  SURVEY  REPORT 
 THERAPEUTIC 


•UOVCT  VUMCAU  NO. 


4   COC  ATtO{«  (Sltm^t.  nuit^tt>4.  ff99m  Nirnhmt) 


'.OATK 

«  CAniO 

,4 

• 

* 

10 

1 1 

tt 

14 

>5 

1  1 

17 

S.  NUMVKM  ASSISNCO  VV  AVKHCV 


J         2  1 


'    »T*Tt  COUNTY 


'*   '»        a*    a»    aa        a«    34    a*  a« 


EOUfP>IENT 
IDENTIFI- 
CATION 


WORKLOAD 


X-RAY 
ISOTOPE 


A  NtMBCR  AS5lCf/£D  UNIT   ^  ,B.  RAOtATIOfi SOURCE  1 

TYPE  OF  UNIT-  ! .  £□  Su^ff'cl.l  '  2*  CJP..^ 

3   □Suyvli*t»  r~l  TaUtKfoy  5.  □  0<h«r  <J^e//r> 

 Pv" 


C  UNIT  MAMUFACTURCR* 


A    AVERAGE  TIME 

*t>ER  TREATMENT  (MIN.) 


8.  AVERAGE  NUMBER  OF 
TREATMENTS  PER  WEEK  - 


C   MAXIMUM  kVf  USED  . 


D  MAXIMUM 
mA  USED  • 


E. AVERAGE 
wAm  PER  « 
WEEK   


F   STRENGTH  OF 

RADIONUCLIDE  mHM)  - 


4C       47       4«  4«->' 


G,  ROENTGENS  PER  WEEK 
AT  ONE  METER   


a 


.   to   11    »a  •« 


FILTRATION 


A  FILTER  IDENTIFICATION  SYSTEM 
B  SECURE  FILTER  bLOT 


1.  Qy..  2.  Qn.  3.  nH/A 
».  Oy..    2.  On.    3.  On/a 


COLLIMATION 


A  SHUTTER  POSITION  INDICATED  AT  CONTROL 

B  VARIOUS  PORT  SIZES  AVAILABLE 

C.  LEAD  RUB8ER.  FOIL.  ETC.,  TO  LIMIT  FIELD 


1.  Oy..    2.  On.    3.  Qn/a 

I.  Oy..  2.  On.  3.  Qn/a 
1.  Oym   2.  On.  3.  On/A 


□ 


•  7  C 


□ 


PKOTECTIVE 
QUALITIES 

AND 
DESCRIPTIVE  V 
INFORMATION 


a  type  of  treatment 

b.  adequate  interlock  system 

c.  manually  reset  cumulative  timer 

d.  timer  terminates  exposure 

e.  patient  and  cof/trol  oosei^ved 
s)multaneously 

f  patient'operator  communication 
available  ' 

G  RAdKtiON  area  POSTED  , 

H  PRIMARY  BEAM  SHIELD  PRESENT 

I.  COHTROC  PANEL 'locked  WHEN  NOT  IN  US^ 

J,  SOURCE  CaCibRATED  ANNUALLY 

DATE  OF  LAST  CALIBHATIOt<_£__ 


1. 
1, 
1. 

1     1  Stttlftwy  2. 

□  2.  On. 

□  2, 

1  |R*t«H«««l 

3.  On/A 
3.  Qn/a 

1. 

□  y.. 

2.  On. 

3.  Qn/a 

1. 

2.  □  N. 

3.  n^/A 

'  1. 

□  y« 

2.  QH. 

3.  Qn/a 

1. 

1. 

□  y," 

□  y.. 

2.  On. 
2.  On. 

3.  Qn/a 
3.  Qn/a 

K 

□  Y" 

2.  On. 

3.  Qn/a 

1. 

□  y« 

2.  an. 

3.  Qn/a 

K.  THERAPEUTIC  TYPE  PROTECiyVE 

SOURCE  HOUSING  *      \  - 

1..  PRIMARY  And  SECONDARY  BARRIERS  ADEQUATE 
M.  ADEQUATE  OPERATOR  PROTECTION 
N.  BEAM  monitoring  DEVICE 

*         "     ♦  ' 
b.  EMERGENCY  PROCEbURfS  POSTED 

P  LEAK  JEStVeRFORMED 

OAT£  {/f  last  fej.T  _1  . 


•K  Oy.. 

2. 

□  n. 

3. 

□  N/A  . 

1.  Oy.. 

2. 

□  n. 

3. 

Qn/a 

1.  at.. 

2. 

□  n. 

3: 

□  »^/A 

2. 

□  n. 

3. 

□  n/a* 

K  (ZlYM 

2. 
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PHYSICAL  RADIATION  PROTECTION  SURVEY 
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student  Performance  Objectives ♦  ^  , 

*  « 

•  .     A.    Have  a  knowledge  of  the. operation  of  a  standard  laser  system  ' 
to  include  knowleda^  ,of  the  componefits  of  a  Laser  system.  -„ 

^BV   Have  a  knowledge'of  the  hazards  associated  with  laser  use  • 
^      and  the  RPO's  -responsibUiUes.  for  evaluating  these  hazards, 

•"c     Be -aware  of  the  agencies  kvailabl6  to  aid  the  post  RPO  in  his 

hazard  evaluation^dut.ies  ,  anithe  procedures  necessary  to -obtain. 
•    theit  assista;ice. 

'  -  Contents  » 

'Appendix  A  -  Introduction  to  Las er-s    '  ^ 
Appindi^  B  -  Radiometric  and  Photometric  Terms  and  Units 

App^ndi^  C  -  CI,  AR  40-46,  6  Feb  74,'^ Control' of  Health  Hazards  frOm 
f  •  .  .Lasers  and  Othex  High  Intensity  Light  Sources 

Appendix  D  -  Extructs  from  TB  Ued  279,  18  Sep  74,  Control  of  Hazards 
to  "Health  From  Laser  Radiation  '  : 

}^pendix  E  -  Warning  Signs  and*  Labels  for  -Lasers       _         ,  •.  * 


APPENDIX  Jli  '  • 
INTRODUCTION  TO  LASERS 


A^l.  General  Information,  a.  Lasers  are  finding 
ever  increasing  m*iRtafy  applications-^)fincipalIy  for 
'  targe,t  acquisition  andiire  control.  These  lasers  are 
termed  rangefindeis,  target  designator^  and  target 
^illuminators.  Lasers. are^lso  being  lised  in  com' 
munications. .  precision  distance  measurements, 
guidance  systenjs, "  metal  working,  phjotograpl^y. 
holography,  and  medicine. 

6.  Laser  radiation  should  ndt~be  confused  with 
ionizing  radiation  (X-rays  and  gam'ma  rays)  even 
though  laser  beams  with  high  irradianees  have  been 
.known  to  produce  ionization.  -  - 

c.  The  word  laser  will  be  applied  to  devices  using 
light    amplification    by    stimulated   emission  of 
radiation  and  usually  operating  with  an 'output 
wavelength  of  approximately  200  nm  (0.2  Mm)' to, 
1000  fim  (1mm).  Most  lasers  operate  in  the  con- 
tinuous wave  (CW)  mode^norm^  pulsed  mode.  Q- 
5witched  mode,  or  mode-locked  mode. 
A-2:  The  Nature  of  Light.,,  The  word,  light,  as 
commonly  used,  refers  to  that '•portion  of  the  elec- 
tromagn^tic  spectrum  which  produces  a  visual  ef* 
feet.  It  was  first  shb\s;n  by  James  Clerk  Maxwell  in  ^ 
1873  tha^t  lighti  is  elect romfignetic  radiation  which 


propagates  at  approximately  3  x  10*  meters  per 
second.  Albert  Einstein  later  predicted  that  the 
•velocity  of  light  in  a  Vacuum  is  constant  throughout 
the  universe  and  is  the.  ultimate  speed  at  which 
energy  may  be  transmitted.  Quantum  mechanics, 
the  branch  of  science  dealing  with  atomic  ^  and 
subatomic  particles,   describes '  the   smallest  in- 

.  divisible  quantity  of  radiant  energy  as  one  photon^ 
The-amount  of  energy  Qq  /represented  by  one 
photon  is  .  determined"  the  frequency  v  \  and 
Plank's  constant,  h. " 

Qq=hv  ^  (1) 

The  frequency,  v  .  and  wavelength,  X,.of  light  are 
related  by  the  velocity  of  light,  c,  so  that  knowing 

one,  the  other  may  be  determined  by  use  of  the 
relationship. 

Man  has  made  use  of  almost  ,the  entire  elec* 
tromagnetic  spectrum.  Jrom  zero  Hertz,  such  as 
direct  current  from  -storage  bdtt^ries,  to 
102\  Hertz,  the  very  hard  X-rays  used  for  non-  ' 
destructive  inspection  of  nietal  ^parts.  Fig^ure  A-I 
shows  the  electromagnetic  frequency,  spectittin  and- 
some  of  its  uses  and  priiperti^.  * 
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THE  ELEC1R0MAGNE7IC  SPECTRUM 
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C         FigUTt  A-l.  The  electromagnetic  frequency  spectrum. 

levels  before  they  can  maie  the  transitions  to  lower 
energy  levels  and  radiate  pRotons.  There  are  hiany 
ways  in  "which  electrons  caj? .  be  Yaised*  to  higher 
energy  levels  or  become  **excited": 

(1)  By  heating,  as  in  the  filament  of^an  in- 
candescent lamp;  by  collisions  .with  other  electrons, 
as  in  a  fluorescent  lamp  or  television  picture -tube; 

(2)  By  absorbing  energy  from  photons,  as  in 
luminescent  paint  on.^a  watch  dial;  ' 

(3)  By  chemical  reactions,  a3  in  a  flame.*  ^ 
d.  In  addition  t6  the  fcmfiiliar  electronic  eno-gy 

levels,  a  molecule  can  also  have  energy  levels  arising 
from  the  vibrational  and  rotational  motion  of  tie 
mplecules.  > 


A-3.  Production-  of  Light,  a.  Electromagnetic  ra 
diatioji  is  emitted  whenever  a  charged  particle,  e.g., 
an  electron,  gives  up  energy  into  an  electric  field. 
This  happens  every  time  an  electron  drops  from  a 
lligher  energy  state  to  a  lower  energy  state  in  a 
molecule,  atomj  or  ion  (fig  A-2). 

h.  In  ordinary  light  .sources,  electron  transitions 
from  higher  energy  states  to  lower  energy  spates 
occur  randomly  and  one  photon  has  no  correlation 
witji  another.  In  a  laser,  however,  these  transitions 
are  stimulated  by  photons  of  precisely  the  right 
energy.  The  stimulated  emissions  occur  with  exactly 
the  same  wavelength,  phase,  and 'direction  as  the 
photons* that  stimulated  the  emissions. 

c.  Electrons  must  be  raised  to  higher  energy 
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PUMMNO  ENEROY 


i 


EXCrm  ENCROY  LEVEL 


SPONTANEOUS  MEKOY  DECAY 


;  - 


AAETASTAILE  ENEROY  lEVE 


STIMULATED  EMISSION  OF  RADUflON 


GROUND  ENEROY  LEVEL 


Fifurt A-3.  Thrtt  Itvtl  tntrgy diagram,  ont  of  th* 

A-6.  Pumping  Syitom.  To  raiae  electrons  to  a  higher 
energy  level,  lasers  employ  pumping  systems  (hg  A- 
4).  Theae  systems  pump  energy  into  the  laaer^  - 
mhtenal»  increasing  the  number  of  electrons  tnq)ped 
in  the  metastable  energy  level.  When  the  number  of  ^ 
electrons  in  the  metastable  energy  level  exceeds 
,  those  in  the  lower  level,  a  population  inversion  exists 
and  laser  action  is  possible.  -  Several  different 
pumping' ^stems  are  available— optical,  electron 
collision,  and  chemical  reaction: 

CL  Optical  pumping  uses  a  strong  source  of  light, 
such  as  a  xepa^-fif^htube  or  another  laser  (e.g. ,  ruby 
laser).  . 

6.  Electron  coljision  pUmping  is  accomplished  by 
passing  an  electric  current  through  the  laser  material 
or  by  accelerating  electrons  from  an  electron  guix  to 


many  possiBU  $0t$  of  wnergy  Uvtlt  foriatwr  action.  # 

unpact  on  the  laser  material  (e.g.,  *Heliul&*Neon 
lasers). 

c. .  Chemical  pumping  is  based  on  energy  released 
in  the  making  and  breiaking  of  chemical  bonds  (e.g., 
Hydrogen-Fluoride  lasers). 

A-7.  Optical  Cavity.  A  resonant  optical  cavity  is 
, formed  by  placing  a  mirror  at  each  end  of  the  laser 
material  so  that  a  beam  of  ligjit  may  be  reflected 
from  one  mirror  to  the  other,  passing  backhand  forth 
through  the-.laser  material  (fig.A-5).  Lasers  are 
constructed  in  this  way  so  that  the  beam  passes 
through  the  material  n^any  times  and  is  ampliHed 
each  time.  One  >  of  the  mirrors  is  only  partially 
reflecting  an'd  peimits  part  of  the"  beam  to  be 
transmitted  out  of  the  cavity. 
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HIGHER  ENERGY  STATE 


U>WER  ENERGY  STATE 


Figurt  A'2.  Emission  of  radiation  by  transition  of  an 

A-4.  Component*  of  a  Laser.  The  Ttser  has  three 
'basic  components: 

a.  A  lasting  medium        .        ^  * 
6.  A  pumping  -system  (energy  source) 
c.  A  resonant  optical  cavity.  ,  ' 

Lenses,  mirrors,  shutters  and  otlier  acpessories  may 
be  added  to  the  system  to  obtain  more  power, 
.  shorter  pulses,  or  special  beam  shapes  but  only  three 
basic  components  are  necessary  for  laser  action. 
A-5.  Laaing  Medium.  A  lasing  medium;  *  to  have 
'  ;suitablc  energy  levels,  must  have  at  least  one  excited 
•  3tate  .(metastable  state)  "whire  electrons  .  tan  be 
trapp^,  and  not  immediately  and  spontaneously 
'  dropped  to  lower  states.  Electrons  lyiay  remain  in 


tUctron  from  a  highSr  mrgy  statt  to  a  hmr  tntrgy^  tUt«* 

these  metlistable  states  fiom  a  few  mkroaecbnds  to 
several  milliseconds..  When  the  medium  ia  expoaed  to 
the  appropriate  pumping  energy  the  excited  elec- 
'  troiis  M^p  trapped  in  theee  ynetaaUble  atatas  long^ 
enough  for  a  population  invertion  to  oocur,  i.e^'ithere^"* 
are..m'or«  electrons  in  the  excited  state  than  in  the 
lo^cr  state  to  whiA  these  *eftctrona  decay  whan 
stimulated*  emission  occurs.  Figure  A*3  ^shows  a 
..simplified*  three-level  tfiergy  diagram  for  a  laser 
^material.  This  is  just  onjB  oi  the  many  possible 
.  systems  of  energy^  levels.  Although  laser  action  ia« 
possible  with,  only  two  energy  levels,  moat  such 
actions  involve  four  or  .more  levels.* 
'4        '  ' 
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Figure  A'A  Population  inversion  OKOdi^ced  Oy  pumping  electrons  from  a  lower  energy  state  po  a  higher 
rnvrp  'itatf     that  the  higher  xtate  ha^more  electrons  Harder  population)  than  the  lower  state' 


\  TOTACIY  W^LiaiNOc 

FIAT  mnot 


-1  * 

X  - 

IIV  • 
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PAITIAllY  leiEllCTINO  Ml««0« 


TOTAUY  WFIECTINO 

CONFOCAL  Mnon . 


PAXTIAUY  KEFUCTINO  MIXXOK 


'Figure  A'5,  Three  typical  opUcaUcavities:  Simple  flat 
{middle) d^d  cdn focal  mirror  system 

A-S.  L«s«r  Operation,  a.  -Energy  is  supplied  to  the 
laser  qjaterial  bwthe  pumping  s/aiem»  This  energy 
is  stoiw-4»— <ne  form^  of  electrons  trapiied  in 
metastable  energy  Tevels,  Pumping  must  produce  a 
population  inversion  before  laser 'action  can  take 
place. 

6.  A  'population  inversion  exists  when  a  higher 
•energy  level  has  more  electWhs  (population)  than  a 
lower  energy  level,  which  is  contrary  to  natural 
order.  A  population  inversion  is  necessary  because* 
the  stimulated  err^ission  would  be  absorbed  by  lower 
energy  level  electrons. 


mirror  system  {top)r  rotating  prism  q'switch  system  ^ 
{bottom).  ' 

c.  When  a*  population  inversion  is  achieved,  the 
spontaneous  decay  of  a  few  electrons  from  the 
metastable  energy  leveljto  a  lower  fenergy  level  starts 
a  chain  reaction.  The  photoivs  emitted  spontaneously 
will  stimulate  other  electrons  to  make  the  transition 
from  the  metastable  energy  level  to  lower  energy 
levels,  emitting  photqns  jof  precisely  the  same 
wavelength,  phase,  and  direction* 

±  When  the  photons  reaxih  the  end  of  the  laser 
material  they  are  reflectied  by  the.  end -mirror  back 
int9  material  where  the  chain  reaction  continues 
and  the  number  of  photons  ie  increase^.  When  the 
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photons  arrive  At  a  partially  reflecting  mirror,  oldy  a 
portion  will  be  reflected  back  into  the  cavity  and  the 
rest  will  emerge  as  a  laser  beam.. 
A«9.  Types  of  Lasers.  Lasers  are  often  designated  by 
the-type  of  laser  material  in  the  optical  cavity. 

c  Solid  state  lasers  ^pioy  g^ass  or  crystalline 
material  (fig  A-6V:  gas  lasers  employ  pure  gas  .or 
mixtures  of  gases  Ifig  A-7  and  A-8):  semiconductcSr 
lasers  employ  transistor  materials'  (fig  A-9);  liquid 
lasers  employ  active  material  in  a  liquid  solution  *or- 
suspension  (fig  A-IO). 

6.  Solid  stat§  and  liquid  lasers  commonly  employ 
optical"  pumping  while  gas  lasers  usually  employ 


electron  collision  pumpjng,  although  somjB  types  of 
liquid  and  gas  lasers  have  employed  chemical- 
reaction  pumping.  Semiconductor  lasers  may.  be 
optically  pumped  by  another  laser  beam'  or  dectron- 
coUision  pumped  by  an  electron  beam  or  an  electric 
current. 

A-10.  Modes  of  Opyation.  a.  The  diffferei)t  modes  of 
operation  of  a  laser  are  distinguished  by  the.  rate  at 
^yhich  energy  is  delivered^  In  general,  lasers 
operating  in  the  normal  pulse  mode  have  pulse 
durations  of*  a  few  tens  of  microseconds  to  a  few 
milliseconds.  This  mode  of  operation  is  sometimes 
referred  to  as  long  pulse  or  just  pufsed. 
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FigurtA-6.  Schematic  of  solid  state  laser  with  optical  pumping 
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Figurt  A-7  sUtmattc  of  htlium-nton  laser  witn  electron  collision  pumping,  reprtstntattvt  of  small  gas  lasers 
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Figurt  A'8.  Schematic  qfCOi  gtu  transport  lastr  {GTL)jghich  is  reprtiintative  of  a  larger  type  of  flowing* 

gas  laser.  A  still  larger  type  of  gas  laser/nofshown)  employs  a  combustion  chamber  and  supersonic 
nozzles  for  population  inversion  and  is  known  aj  a  ^as  dynamic  laser  {GDL). 
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figurt  A'9.  Schematic  of  galUum' arsenide  laser  with  'direct- current  {electron  collision)  pumping,  * 
reprtsentative^of  semiconductor  or  infection  lasers.  * 
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FigurdA*10.  Schematic  of  liquid  dye  laser  with  dptical  pumping. 


b.  The  quality  of  the  optical  cavity  of  a  laser  ofin 
be  changed  by  placing  a  shutter  between  the  mirrors. 
This  enables  the  beam  to  be  turned  on  and  off  rapidly  ^ 
and  normally  creates  pulses  with  a  duration  of  a  few 
Xens  of  nanoseconds  to' a  few  tens  of  microseconds.  , 
This  .mode  of  operation  is  normally  called  Q* 
switched,  although  it  is  sometimes  referred  to  as  Q- 
spoiled  or  giant  pulse.  (The  "Q"  refers  to  the 
resonant  quality^  of  the  optical  cavity.)  A  laser 
operating  in  the  Q-switched  mode  delivers  less 
energy  than  the  same  laser  operating  in  the  normal 
pulse  mode,  but  the  energy  is  delivered  in  a  much 
shorter  time  4)eriod.  Thus,  Q-switched  lasers  are 
capable  of  delivering  very  high  peak  powers  of 
sevenll  megawa*tt8  or  even  gigawatts.  Most  military 
lasere^ are  Q-switched  with  a  pulse  duration  of  10  to^ 
30  ns  and  aye  used  in  target  acquisition  and  fire 
control.  ^ 

c.  When  the  phases"  of  different  frequency  modes 
are  synchronized,  i.  e..  "locked  together."  the 
different  modes  will  interfere  with  one  another  to 
generate  a  beat  effect.. The  result  will  be  a  laser^ 
output  which"  is  observed  as  regularly  spaced 
pulsations.  Lasers  operating  in  this  fashion,  mode- 
/oc^ed,  ^usually  produce  trains  of  pulses,  each  having 
a  duration  of  a  few  pico-seconds  to  a<  few 
nanoseeonilrf.  A  mode-locked  laser  can  deliver  higher 
peakjwwers  than  the  same  la^jsr  operating  in' the  Q- 
switched  mode. 

d.  Some  lasers  are  able  to^perate  continuously. 
fThis  mode  of  qperation  is  called  continuous  wave  or 


CW,  In  tkis  mode  of  operation',  the  peak  power  i» 
equ^^  the  average  pow^r  output;  ^hat  is,  the  beam 
irracKanqe  is  constant  with  timi 

e.  Pulsed  lasers  can  be  operated  to  produce 
repetitive  pulses.  The  puhe  repetition  frequency  of  a" 
laser  is  the  number  of  pulses  which  that  laser 
produces  in^a  given  time.  Lasers  are  now  available 
'  -with  pulse. repetition  frequcndea^as  high  as  several 
hundreds  of  thousands  of  pulses  per  second.  There  is 
a*i  enormous  variation  in  the  pulse  widths  tad  pulse 
"repetition  frequencies  which^»can  be  generated. 
'Thierefore,  tb«  specification  of  such  pulie  charac- 
teristics is  extremely  important  in  any  evaluation  <Si 
the  interaction  of  laser  radiation  with  biological 
systems.  *  ' 
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•      RADIOMCTiaC  ANd^  ^HOTdMCT       TERMS  AJfD ^UNITS'  '         '       '  . 
1.  I%ySICAL'TERM33Ky^  '  '    '    \    ' /"    '  ^        .  '       *    /     /    '  • 

•    -Jn  discussing  th^  quaiititative' aspects  of  the  bioeff^ects  of  radiant' 

energy^"  there  ar«^several  physical  t'erii^s  wh^ich  are  often  misus^^d.*  There 

is  an  accepted  standard  nomenclature  (Syst^toe.  IHIbernational)  of  which  the 

reader  should  be  aware.    A  recent  summary  Of  .radiometric  ^d  photometric 

terms,  units,  and  coniersion  factprs  has  been  prepared  by  Me'yer-Aren'dt 

(1968).    In  describing  effects  of  radiant  energy  (which  itself  ife  a 

standard  term  with  units  of  joules)  upon  tljpstje^  most  investigators  |ave 


ERid 


used  power       energy  per  unit  area  (e.g.,  watts/cm^  or  joules  /cm^)  and 
termed  these- power  density  or  ener©r  density.    By  the  Systeme  International, 
poweir  or  energy  density  refers  to  power  or -energy  per  unit  vblume 'and 
not  per  unit  krea.    Hbwever,  for  the. purpose  of  this  review,  these  terms 
refer  to  power  or  energy  pear  unit  area,  as  widely  usecj  in  the  literature^ 
Rather  than  radiant  energy,  the  term   radiation"  is  preferable.'  Unfortu- 
nately, the  term* "radiation"  means  only  ionizing  rddiation  to  many.  One 
other  term  \*idely  used  to  connote  both  energy  density  cmd  power  density  is 
"beam  intensitj^." '  .By  the  Systeme  International,  "radiant  intensity"  is 
powfer  p4?  unit  solid  angle  (watts  per  stereilian)  ftrom  a  point  source. 


Several  oth^r  terms  used  iQ  discussing  ocular  'hazards  are  explained  in 
the  following  two  paragraphs.  ,  • 

The  terms  "luminance"  and  "illufiilnance"  are  "nhotometric"  terms  which 
are  related  to  the  visual  response  of /^he  eye^:  whelms  "radiance"  emd 
"Irradian'ce"  are  "radiometric  terms  whJ.IJt^'^e  related  to.  absolute  measure^  * 
ments  of  retdiation*    Terms       the  '/photometi^"  system' are  valuable  to 
llumlimtljng 'engineers,  ija^  de^cr  levels  of  visible  light  i^a  given 

pituatton:  ih^reas  termrf  in  ihe  radiometric  system  toe  a  part  of  the 

''II  '        \ '         •  t  . 


TTWaipmetrlc  and  Photometric,  Terms  and  UnlW  ''  • 

^  ■  ^  „    •  .     '>#^  •  ' 

fabric  of  physical  unit  a  and  are  not  dejpendlent  on  the  reaponee  of  the  eye 
There  ape  no  fixed  methods  for  tranalatin^  Ught  leve.la  measured  in  one 
system  to  iporreaponding  levels  in  the  other  system^  aince  such  factors  ' 
would  depend  i^on  the. sipectral'diatrlbutlon  of  the  ra41ant  source,  i.e., 
how  much  of  the  source  energy  is  infrarad  and  ultraviolet  radiation  not 
visible  to  the  eyej,  and  how  much  is  in  the  syecti^al  band  to  w|iieh  ^the  eye 
is  fliost  sensitive. 


.'/The  terms  ^^radfanpej'  end  "luminance"  are  used  to  describe  the  rate 

of  light  or  radiant  energy  leaving  the^source  per  solid  angle,  i.e.,  the 

* '•brightness"  of  the  source.    Alternatively/ the  terms  "irradiance"  and 

"illuminanpe"  are  used  to  describe  the  le-^l  arriving  at  a  given  p<^nt 

in  space;  i.e.'^^thc  Ipvel  measured  by -detectox^which  , measures  the  number 

of  photons  falling  iqpon  a  unit  area  of  surface.    OJable  I  provides  a  list 

of  these  terms  and  their  unlrtis,  '•  '  . 

/  .  / 
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.        Radiomattic  and  PKotometric  T^ms  and  Units 

• . .  .     •  ,    »        *  *  » 

»  :      ■  » 

1".  METRIC  SYSTEM/£QUIVALENT  UNITS.  ' 
^    Length  *     /  '  '      .  .  ^ 

J  m  =100  cm  =  1,000  mm  =  39.37  Inches  ,     '  • 

I  OT  ^  0.3938  inches;  I  Inch  =  2.54  cfrf  '  *  . 

'     A ' 

I  ]im=  lO"'^  meters  =  lO"**  cm        ^  . 
Time.  ^  ' 

I  msec  =  }r/\  ,000  sejpond  =  I  x  10**^  second 
I  usee  ^  1/1,000,000  second  =  1'  x  lO"^  second 
I  nsec  ^  I  X  10"^  second 

Angle.    I  mllllradlan  =  10*3  ra^jian  =  .057  degree  =  3.4  arc-minutes  =  I  ml  I 

'  Sol  Id  Angle.    I  sr  =  one  steradlati  =  l/4ir  sr  In  ond  sphere 

I  hertz  -  I  cycle/second 

"  I  kl.lohertz  =  1,000  hertz  =  I  x  io3*  heri-z 

I  megahertz  =  1,000,000  hertz  =  M  x  10^  hertz 

I  gigaherte.  -  1,000^000,000  hertz  -  10'    hertz      \^^_^^^^^....,_J-.  . 

EXP2QtI6J«^AL  SYSTEK.    For  convenience  In  V/rl^Ing  and  manipulation,  unwieldly 
numbers  are  written  as  factors  of  appropriate  powers  o/  10.    The  folfowing 
•examples  wl  1 1  Illustrate:  •  .  . 


^2,380,000,000  =  2.38  x 

2.38  =  2.38  X  I02  '  ^  "  ^ 

0.238  -  2.38  X  10 
0.000006238  =  2.3'8  x  10-7 


* 
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•  .       APPENDIX  C  .        '  • 
f  . 

For.  Training  PurjJoses^  Only  ' 


:  GESESXL 


1 


AR  4(M6 


*  1-L  Pnrpote.  This  regulaUon  esUbliktoa^Pepartr.'     cxaminttions  are  accomplished  on  those  iidi- 
raent^  of  ^the  Artny  policies,  procedux^a,.  and     viduih^  employed   to  work  in  a  potentially 
^stan^lords  ftr  the  protection  of  perfo^jijel  from    ^ha7.ardou8  laaer  radiation  area 


the  hazards  to'  health  of  optical  radiation.  It  out- 
^  lines  procedures  to  be  followed  in  the  evriit  of  a 
known  or  suspected  overexposure  of  personnel  to 
such  radi^on. 

1-2.  Scope.  This  regulation  is  applicable  to  all 
commands  of  the  Department  of  the  Army. 
1-3.  Deflniti6zu.  a.  Optical  radiaiian.  Electro- 
magnetic raoiation  withm  the  wavelength  range 
100  nanometers  to  1  millinaeter  (10*  nanometers) 
(i.e.,  ultraviolet,' visible,  anS  infrared  radiation). 

h.  Laser.  An  acrQn3mi  for  Li^t  Amplification 
by  Stimulated  Emi^ion  of  Radiation.  As  uaed  in 
this  regulation,  laser  denotes  either  the  laaer 
radiation  source  itself,  or  an  entire  system  em- 
bodying such  a  source,  as  appropriate. 

c.  Optical  soured  Any  source  of  optical  radia- 
tion, e.g.  searchlights,  Jasers,  and  electric'  arcs. 

d  Laser  protection  standards.  Published  stand- 
ards for  laser  exposure  which  will  insure  that 
personnel  will  xlot  sustain  injury  in  the  light  of 
existing  medical  knowledge. 

t.  Ocular  hazard  distance.  The  distance  of  the* 
human  eye  from  ^the  operating  laser  or  other 
optical  .source  within  which'  the  beam  radiant 
exposure  or  irra^ance  exdeeds  the'^  applicable 
optical  radiation  ^tectioh  standard. 

/  Units*  Radiometric  unite  used  shall  b^  in 
acdl^dance  with  the  IntematioxMil  System  of 
'  Units  adopted  by  the  11th  General  Conferenco^n 
Weights  and  Measures,  October  1960  and  the 
International  Jjiighting  Vocabulary  Publication 
CIE  No.  17 '.(B-1.1) '  1970,  published  by  the 
International  Commission  on  Illimunation. 
1-4.  J^oUey.  a:  Exposure  to.  las^  radiation  shall 
,be  controlled'  to  insure  that  jndividuak  are  not 
<)ubjected  to  levels  m  exc<^  tC  those  established 
by  .the  Protection  S^dards*  prescribed  in 
chapter  2.  4(^^^  *  ' 

b.  Laser  hazard  assessments  will  be  ^  accom- 
plishcd  *  in  accordance  with  vproTOioDS  of  TB 

'  MED  279. 

c.  Medical  'surveilUnce  programs  will  be  es- 
)abli«*he'd  to  insure  that  appropriate  physical 

TAOO  406A  ,  '  i 


d,  Lasets  and  other  .opticaJ  sources  will  be 
operated  in  such  a  way  'as  ta  avoid  potentially  « 
■  hazardpiis  exposure  of  personnel  who  may  be  in 
the  vicinity  of  the  optical  beam  and  within  the' 
ocular  hazard  distance  as. determined  by  the  US 
.  Army  Environmental  Hygiene  Agency  (USA. 
EHA). 

l-5»  Retponiibillty.  Responsibility  for  control  of 
potential  hazards  to  personnel  from  losew  arid  ' 
other  optical  equipment. 

o.  Thfe  Surgeon  Gener!^,  Department  of'  the 
Army,  is  responsible  for  the  evaluation  of  potential 
optical  radiatipn  hazards  to  personnel  operating 
lasers,  searchlights,  and  similar  equipment  which 
generate  optical  radiation,  that  are  utilizo<l  b}'  the 
Department  of  the  Army.  ^ 
'  (1)  The  Surgeon  General,  pursuant  to  AR 
10-5,  will  evaluate  for  development  and.  design 
agencies  the  potential  health  hazar^ds  of  equipment 
utilizing  lasers  and  other  optical  source  systems 
and  provide  guicfance  on  measures  which  may  be 
taken  to  avoid  or  prevent  excessive  exposure  of 
personnel  to  optical  ^radiation.  These  evaluations 
will  be  conducted  by  USAEHA. 

{2y  The  Surgeon  C^feneral  will  evaluate  plans 
upon  request  for  the  installation  of  laser  equip-' 
ment  and  make  studies  of  the  environmenlal 
conditions  at  user  sites  or  test  facilities. 

(3)  USAEHA  will  conduct  pcnoaic  com- 
prehensive surveys  of  laser  installations  at  ^eost  / 
every  3  years.  Thpse  siirveys  will  include  evalua- 
tion of  cKatacteristics  of  laser  equipment  :and 
activities  at  the  site  which  may  result  in,. ex- 
posure  of  personnel,,  determination   of.  tfie. 
effectiveness  of  interlocks,  eye  protection,,  warning 
and/Or  limitmg  devices  and  review  of  standing  " 
operating  procedures  ^md  other  controls  related  , 
to  personnel  protection.  .  ^  ♦ 

^  b.  Agencies  responsible  for  the  development  and 
de.<ign  of  las6r  equipment  or  its  incorporation  into 
weapons  control  or  communications  systems  will  ^ 
insure  tliat  su  iii  equipment  is  evaluated  f6r  1 . 
personnel  exposure  potential  during ^the  design. 
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.development^  and  testbg  of^tKe  equipment.  The 
SucgedQ  Genera}  will  be  ;)oti^ed  in  sufficient  time 
to  provide  *the  services  j^dy^d  in  paragraph  a 
above.  Pe^^ent  information  derived  from  this 
evaluation  will  be  made  available  on  request  to 
any  major  Army  commanders  who  have  installa- 
ions  or  activities  within,  their  command  Vhich 
operate  such  equipment^ 

e.  Major  Army  cbmm^njers  w  ho  have,  in- 
stallations and  activities  under  their  command 
which  operate  laser  and  high  intensity  light 
source  equipment  are  responsible  'for — 

(1)  Disseminating     to    installatioas  and 
^tivities  operating  such  equipment  'under  their 
comm^d  information  relating'  to  the  measures* 
required  for  the  contrqj  of  exposure  of  ^personnel. 

(^  Assuring  that  installations  and  activities 
operating  such  equipment  under  their  command  " 
haye  in  force  adequate*  programs  as  specified  in 
*<r  below  for.  the  control  of  exposure  of  personnel. 

(3)  Prescril?ing  conditions  under  which  inter- 
lockS)  eye  protection  filters,.,  antl  limiting  and/or 
warning  devices  installed  on  equipment  may  be 
by-passed  or  overridden  during  combat  alerts, 
training  cxercL*ies^  or  ill  maintenance  or  calibration 
of  equipment.  ' 

d.  Installation  ami  activity  commanders  re- 
sponsible for  tfie  operation  or  testing  of  potentially 

•  liazardous  optical  equipment  will  take  qecessary 
measu^  to  assure  thatj — 

(1)  Personnel  working  in  the  vicinity  of  laser 
equipment^nd  hio:h  intensity  optical  sources  ary 

•  informed  as  to  the  potential  personnel  health 
ha^rds  associated  with  exposure  to  optical  radia- 
tion from  the  specific  equipment  being  ^sed. 

^ "  (2)  Standii^g  operating  procedures  are  pub- 
Ibjied  and  enforced,  as  requu'ed/ concerning  subh 
matters  as  the  control  of  the  positioning  o^  optical 
devices^  control  of  the  movement  of  personnel, 
and  the  minimization  of  e'xposure  of  personnel  in 
the  vicinity  of  the  hazardous  opticAl  b9am(s).  ' 

^3)  Protective  devices  are  la^ed  and  usgd 
only  under  the  conditions  for  wKich  they  are 
designed. 

(4;  Appropriate  jareas^  of  .  possible  hazardous 
exposure  nry  placarded  to  indicate  the  nature  of 
the  hazard.  The  placard  will  be  in  accordance  with 
AR-SSS-SO,  ^ 

(5)  Anv  suspected  laser  radiation  accidents  in 
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standards  are  reported  in  accordance  wiSi  AR^ 
385-40.  T^e  report  should  include—  -"^ 

(c)  ^  descriptTon  of  the  laser  installation 
and  circumstances  leading  to  the  exposure. 

.   (h)  Details  of  th^  immediate  and  sub- 
sequent ophthalmologic  findings. 

A II  personnfil  whaare  employed  to  uork  in 
a  potentially  hazardous  laser  area  (paragraph 
l-6a)  are  iqclijded  in  an  occupationalvision  iniir 
gram  , which  encompasses  thorough^  general 
ophthaknologic  exaininations  before  being  assigned 
to  work  with  laser-producing  equipment,  1  to  2-  . 
year  inCervals  thereafter^  and  on  termination  ^ 
such  employment. 
1-6.  Mcdical^sarTellUncc, 

a.  Personnel  to  be  examined.  An  mdividual 
whose  occfupation  or  assignment. may  result  in  a 
significant  risk  of  exposure  to  potentially  .haz-. 

I  ardous  fevelb  of  opUcSl  radiation  shall  |havc  a 
I  preplacement  medical  examination,  a  terrain  a  tioa  , 
of  employmefit  examination,  and  be  included  in  slu 
occupational  vision  program.  The  following  type:*, 
of  individuals  are  considered  in  tfiis  cajfgory. 

(1)  Those  individuals  routinely  using  lasers  in 
any  RD'TE  effort. 

(2)  Certain  laser  equipment,,  such  as  .tripod- 
mounted,  hand-held  or  airborne  laser  rangefinderh, 
designators,  or  illuminators  m&y  be  determined 
to  present  a  sufficient  hazard  to  operators  and 
maintenance  personnel  that  such  personnel  may 
be  requirecl  by  The  Surgeon  General  to  be  ex- 
amined. The  warning  page  of  the  technical  manual 
for  each  laser  device  will  indicate  which  types  of 
user  ormainteoance  personnel  shpuld     examined  ^ 

^3)  Maintenance  personnel  routinely  working  ^ 
with  laser  rangefinders,  ^  illuminators,  or ' 
designators.  \  *  •  '  j* 

(4)  ^  Operators  and  maintenance  personnel 
routinely  working  with  engineering  laser  transits, 
geodimelers,  ahd  alignment  devices  which  ha\e  a 
ratliant  power  (Jutput  exceeding^  1  milliwatt. 

b.  Examiriaiion  requixemerUa.  The  medical  e.x- , 
amination  shall  follow  the  procedures  xd  TB 

.  c.  EzamincUi&it  of  personnd  known  or  suspected 
to  have  been  injured  by  lasers.  Personnel  who  are* 
known  or  suspected  to  have  been  accidentally 
exppsed  to  levels  in  excess  of  applicable^  laser 
protection  standards  shall  be  examined^«  soon 


volving  i^lciual  exposure  in  excess  ol  protection      as  possible  following  such  exposure.  iSJ^iWnel 

7A0O  ij^JL 


It  . 


.ERIC 


6g4 


6  February  1974 


AR  4(M6 


working  with  lasers  or  o{|^r  high  intert:dtjf  nical  assistance  from  USAEHA  in  evaluating 

optical  ^ces  who  complain  of  persistent  af^ter-  hazards  from '  lasefs  and  other  liigh  ^intensity 

imag^  or  other  visual  dbtiirbances^  should  be  optical  soured  should  b^  directed  through  ap- 

exammed.     \                          ^  ^          .  .  propriate  command  channeb  per  AR*  4(M  to 

'  1-7.  Bequeftt  for  tsriitjuice.  Requests  for  tech-  HQDA  (DASG-HCH),  WASH  DG  20314. 


1.  ^  Introduction.  <i,  I'he  itrtn  LASER  is  an  acronym 
derived  from  ^ight  ,4jnplification  by  Stimulated 
Emission  of  Radiation  The  effects  of  laser  radiatjon 
are  essentially  the  same  as  optical  radiation 
generated  by  more  conventiohal  ultraviolet,  in- 
frared, and  vibible  optical  sources  The  unique 
biological  iniplications  attributed  to  laser  radiation 
are  generally  those  resulting  from  the  very  high 
beam  collimation.  beam  int^sities  and 
monochromaticity  of  many  lasers^  Such  sources 
differ  from  conventional  sources  of  optical  radiation 
pnmarily  in  their  ability  to  attain  highly  coherent 
radiation  (in  phaJ?).  The  increased  direc^onal .  in- 
tensity of  the  optiCa4  radiation  generated  by  a  laser 
results  m  concentrated  optical  beam  irradiances  at 
considerable  distances  A  short  summary  of  types  of 
lasers  and  their  characteristics  is  provided  in  ap-  , 
pendix  A.  i 

b.  Recent  developments  in  laser  technology  have 
resulted  m  an  increase  in  the  utilization  jof  these  . 
devices  for  military  applications,  both  for| research 
and  field  use.  Field  military  lasers  are  used  prin- 
cipally for  target  acquisition  and  fire  control.  The 
widespread  use  of  these  systems  increases  the 
probabihty  of  personnel  exposure  to  mjurioiis  levels 
of  laser  radiation.  Although  these  effects  can  be  used 
to  good  advantage,  they  are  potentially  hskatdous 
and  adequate  safeguards  must  be  provided. 

c.  Th^  evaluation  of  laser  hazards  can  be  highly 
technical.  However,  in  the  interest  of  simplifying  the 
task  of  developing  mnge  controls  .in  the -field,  this 
bulletin  is  organized  with  practical  guidance  for  this 
requirement  in  paragraph  10  More  specialized  in 
formation  may  be  found  in  paragraphs  7,  8  and  9. 
Detailed  technical  information  for  highly  specialized 
laser  applications  may  be  found  m  appendixes  B,  C 
and  D-  : 

2.  Purpose  and  Scope.  This  bulletin  provides 
guidehnes  for  personnel  protection  within  .the 
framework  of  currently  documented  experimental 
evidence.  The  medical  guidance  possible  is  limited 
by  the  biologic  data  available.  The  scope  of  this 
bulletin  encompasses  the  portion  of  the  elec- 
tromagnetic spectruni£ which  include  ultraviolet, 
visible  light,  and  infrared  in  which  laser  radiatfon 
can  be  produced. 

3.  Definitions,  a.  Accommodation'-T)\2  ability  of 
the  eye  to  change  its  power  and  thus  focus  for  dif- 
ferent object  distanps. 

6.  Angstrom  (A)  — A  unit  of  measure  of 
wavelength  equal  to  10  ''^  meter,  0.1  nanometer,  or 
10  "*    micrometer j  j  , 

•   cyAitenuation—Tn^  decrease  iibJrtf^Teldiant  flux  , 
cf  any  optical  beam  as* it  passes  throuih  an  ab- 
sorbing and/orts'catterinjg  medium.  1 

d.  Beam  Z^rameter  (t)  jj— The  tiiStancR  between 
dbametrictdly  opposed  points  in  the  cross- section  of. a 
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arcular  feeam  where  th^  power  unit  area  is  1  e 
times  (37%rthat  at  the  peak. 

e.  Btam  Divergence  (0)-  Angle  of  beam  ^spread 
***measured  in  radian.s  or  milliradians  (1  milfiradian  = 
3.4  minutes  of  arc  or  approximately  1  mil)  For  small 
angles  where  the  chord  is  approximately  equal  to  the 
arc,  the  invrtase  in  the  .diameter  of  the  beam  is 
numerically  equal  to  l,t)00th  of  the  ran^e  in  meters 
multiplied  by  the  number  of  milliradians  of  beam 
divergence.. That  i5.  at  1.000^  meters  range  a  beam 
divergence  of  2  milliradians  *would  give  beam 
diameter  2  meters  ^^ider  than  the  emergent  beam 
diameter-  ^ 
^  /  Beam  Splitter- An  optical  device  UBmg  con 
trolled  reflection  to  produce  two  beams  from  a  single 
incident  beam 

g  Closed  Installation  — Any  bcatiun  where  lasers 


are  used  which  will  be  closed  to  unprotected  per- 
sonnel during  l^er  operation.  \ 

h  CW  La^er  — Continuous  wave  laseii.^  as  dis;.^ 
tinguished  from  a  pulsed  laser  A  laser  emitting  for  91 
period  in  excess  of  0.25  second.  ^ 

i  Controlled  Are<^~  An  area  where  the  occupancy 
and  activity  of  those  within  are  subject  to  control 
and  supervision  for  the  purpoSlftif  protection  from- 
optical  radiation  hazards. 

J.  Diffuse  i?e//eci/o/i -Takes 'place  when  different 
arts  of  a  beam  in^wjent  on  a  surface  are  reflected  ov  er 
a  wide  range  of  arises. 

k.  Duty -Cycle— Mi\o  of  "on  time''  to  .total  ex 
posure  duration  for  a^epetitively  pulsed  laser 

/.  Electromagnetic  Radiation  The  propagation  of 
varying  electric  and  magnetic  fields  througfi  space  at 
the  velocity  of  li^L  •      ^  ^ 

m.  Ejnergent  Beam  Diameter  (a)  -  Diameter  of  the 
laser  beam  at  the  exit  aperture  of  the  system  in 
centimeters  (cm).  • 

n.  Inclosed  Laser  *  System  —  Any  laser  or  laser 
systenl  located  within  an  inclosure  which  does  not 
permit  emission  of  hazardous  optical  radiation  from 
the  inclosure.  \ 

p.  Energy  IQl.—  The  capacity  for  doing  woHku 
Energy  content  is  commonly.used  to  characterize  the 
output  froin  pulsed  lasers, ^and  is  generally  measured 
in  jouies;^(J). 

p.  Exempt  Power  -exempt)  and  Exempt 
Energy  iQ-exempt)  —  F  exempt  ^^at  output  power 
<Q  exempt  ^^at  output  energy /pulse)  of  a  laser  under 
consideration  such  that  no  appHciftrfe  protection 
standard  for  exposure  of  the  eye  Jor  a  specified 
exposure  duration  can  be  exceeded  under  any 
possible  viewing  conditions  with  or  without  optical 
|(  instjpments,  |whether  or  riot  tbeJ>eain  is  foci  sed, 
4a)pC).  ^  ' 

q.  Extended  Source— An  extended  '  sourc  ^  of, 
ra  jiation  can  be  ilesolved  into  a  geo  netrical  i^d^iije  in 
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c!annot  be  rpsolv^ed  into  a  K^metrical  image.  For  the 
purpooesof  this  bulletin,  a^urce  which  subtends  an 
angle  greater  than  u  mm  (Symbols,  app  D). 

r  Gas  leaser  ~  A  type  of  laser  in  which  the  laser 
actiofrtakes  place  In  a  gas  medium,  usually  operated 
as  a  CW  laser. 

5.  Hirtz  (Hz)  — Unit  of  frequency,  w^e.  "cycles  per 
second."  •      *  '    .  , 

t.  Infrared  ^'Radiation  (IR)— Electromagnetic 
^  radiation  with  yvavelengths  which  'lie  within  the 
range  of  0.7  to  lOOO  jim  This  regfon  is-  often  brokea 
into  three  spectral  bands  b>"'wavelerigth  IR  A  (0.7 
0.78  to  1.4  urfi),  IR-B  (1  4  Mm  to  3  ^m).andIR'C 
<3     ^m  to  1  mm)  '  ^  *  \ 

u  Integrated  ^hdiance  (Lp"T— PToducti^  of  the 
exposure  duration  times  the  radiance.  Also  known  as 
pulsed    radiance    (VV»s»cm  -sr  '=J»cm  ^•sr  \). 

t   Intrabeam  Vieuing-  Viewing  the  laser  source 

I from  within  the  beam  The  beam  may  either  be  direct 
or  specularly  reflected  •  I     '  ^ 

u  Irradiance  (E)- Radiant  flpx  density  on  a 
guen  surface,  in  units  of  "W  at  ts-per  square- 
centimeter  (VV»cm       }.  \y 

X  Joui€v(J)-A  unit  of  energy  (1  watt-second) 
used  normall>  in  describing  a  single  pulsed  output  of 
a  laser,  it  is  equal  to  one  watt  second  or  0.239 
calones.  *  \^ 

>  Joule^cm  2     (J •cm  ^    )_A  unit  of  radiant 
fXjKtjjure  used  in  measuring  the  aniounl  of  energy 
per  unit  area  of  absorbing  surface  or  per  unit  area  of 
a  laser  beam 

z  Lambertian  Supfare—  An  ideat  diffuse  surface 
w^ose  emitted  or  reflected  radiance  (brightness)  is 
independent  of  the  viewing  angle. 

aa  Laser-  A  source  of  intense,  coherent  and 
directional  optical  radiation.  Also,  an  acronym  for: 
/ight  amplification  hy  stimujated  mission  of 
radiation.  A  laser  usually  is  composed  of  aii  energy 
source,  a  resonant  cavity,  and  an  active  lasing 
medium.  *  ^ 

ab  Laser  Det  ige  Either  a  laser  or  a  laser  system. 
ac.  Laser  System  — An  assembly  of  electrical, 
mechanical,  and  opticjil  coniponents  v^hich  includes^ 
a  laser*  ♦ 
-  ad  Laser  Controlled  Area  — Any  area  which 
cpntain^  one  or' more  lasers  and  in  which  the  activity 
of  personnel  is  subject  to  control  and  supervision. 

ae.  Lti?/tt~  Visible- radiation  (400  nrti  to  700-780 
nm)   For  t)ie  purpose^  pf.  this  bulletin,  .limited  to  . 
wavelengths  between  4D0  and^TOO  nm. 

af     Micromexir  ,'(  jlm)    Formerly  teuned 
micron",  a  measure  ofjength  equal  to  10  "^   m  or 
1T)00  nancjmeters 


Sariomcter  (fimf  -  Unit  of  1  sngth  equal  to 
m  or  O.pOl  um. 
^    Open  Installation-^  Any  locati6n  where  lasers 
are  used  which  will  be  open  (1)  operating  persprthel 
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during   laser  operatioa  and-  may    or   may  'not 
specifically  restrict  entry  to  casuals. 

ai.   Optical  Density^  {D^\)  — A  logarithmic  ex- 
pression for  the  attenuation  produced  by  an  at-T^' 
tenuating medium,  such  as  an  eye  protection  filter. 
Optical  denSity'DA   =  log',o  l^o^^t)  ^ 
Where  ({)o  is  the  incident  power  and<{>t 
is  the  tratismitted  power- at  a  specific 
wavelength.\.  ^  . 

\  ,  aj.  Optically  Pumped  Lasers—  A'  type  of  laser  that 
derives  energy  from  another,  light  source  ^uch  as  a, 
xenon  flash  lamp  (coherent  light  sources  have  also 
been  used). 

ak.  Output  Power  and  Output^  Energy— The  laser 
output  power  is  usetl  primarily  to  rate  CW  lasers 
since  the  energy  delivered  per  unit  time  remains 
relatively  coiistant  (output  m*easured.in  watts).  In 
coq^rast, -pulsed  lasers  deliver  energy  in  pulses  and 
their  effects  nray  best  be  categorued  by  energy 
output  per  pulse.  [The.pow^r  output  level  of  CW 

.lasers  is  usually  expressed  in  milli^Yatls  (mW  = 
1/1000  watt)  or  watts,  pul^  lasers  in  the  kilowatt 
r£uige.(kW  =  1000  watt si?»- and  q-switched  pulsed 
lasers  in ^the^ megawatt  (MW  =  million  watts)  or 
gigawatt  range  (G W  billion  watts)],  ^f^lsed 
energy  output  is  usually  ext>ressed  in  joules  or 
millijoules  <mJ  =  1/1000)  per  pUlse. 

al  Point  Source  of  Optical  Radiation—  Ideally,  a 

^source  with  infinitesima*l  dimensions.  Practically,^, 
source  of  radiation  whose  dimensions  are  small 
compared  with  the  viewing  distance.  For  this 'guide, 
a  source  which  subtends  f  n  ^ngle  at  the  viewer  l^ss 
than  a.  , 

am.  Power  {^}—  The  time  rate  at  which  energy  is 
transferred.  Usually  expressed  in  watts  (joules-per- 
second).  * 

an.  PRF—  Abbreviation  for  pulse  repetition 
frequency.  ^ 

ao.  Pulse  Dura^on  — Duration  of  a  pulsed  laser 
flash,  it  ma^  be  measured  in  terms  of  milliseconds 
•  (ms=  10 s),  microseconds  (  (xsec  =  10^   $),  or 
r^anoseconds  (ns       '10  ^  s).  The  ti^e  interval 
b^twee^i  the  half*peak-power  points  on  the  leading 
^  and  traiTing  edges  of  the  pulse.^ 

ap.  Pulsed  Laser—  A  laser  that  delivers  its  " 
energy  in  short  pulses,  as  distinct  from  a  CW  laser. 
For  the  purpose  of  this  bulletin  a  laser  which  emits 
for  leas  than  0:25s. 

aq,  Q-Switched  Laser—  Also  known  as  Q-spoiled  ■ 
—  is  a  laser  capable  of  extremely  high*  peak  powers 
for  very  short  durations  (pulse  diJ^jatior^  of  several 
nanoseconds)./  \  i 

ar.  Radian—^  unit  of  angular  measure  < 
the  an  jle  subtended  at  the  center  of  a  ci  • 
chord  yvhose  length  is  ^qual  to  the  radiij: 
cinHe. 
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One,n)  Radian  =  57.3  Degrees 
Or  2  r  Radians  =  360  Degrees 
^    a$.  Radiance  IL)  — Radiant  flux  (radiant  power) 
output    per    unit    solid,  angle    per    unit  area 
(W^sr  ••Cm  2  );  radiQmetnc  brightness. 

at  Radiant  Energy  (Q)  — Energy  in  the  form  of 
electromagnetic  waves  usuaUy*-expressed  in  units  of 
joules  (watt -seconds). 

au.  Radiant  Exposure  iU  \  —  The  total  energy  per 
unit  area  incident  upon  a  given 'surface  m  a  given  ^ 
time  interval.  It  is  used  to  express  exposure  dgjajo 
pulsed  laser  radiation  and  is  commonlv  express^i^n 
J»cm  '  .  ^*  jf 

av   Radiant  FJux  or  Radiant  Pouer  (  t{)  Ijhe* 
time  rate  of  flow  of  radiant  energy  .Wttrt*— v^afts. 
Jone  U)  watt  =  1  joule-per-second) 

aw.  Radiant  Intensity  ih  —  Radiant  pov^er  in  a 
given  direction -radiant   flux  emitted   from  tht 
source  per  unit  solid  angle  isteradian)i.   m  the 
di|iecUon   of  propagation,    usually    expijessed  m' 
^•sr  *  .  •  • 

ax.  Reflectance  or  Reflectivity  (pi  -  The  ratio  of 
reflected  radiant  flux  to  incident  radiant  flux. 

ay.  RepetitiUely  Pulsed  Laser— A  pulsed  laser 
with  reoccurring  pulsed  output.  The  frequency  of  the  , 
pulses  IS  termed  pulse  repetition  frequency  (PRFI. 
Repetitively  pulsed  lasers  have  properties  similar  to 
CW  lasers  if  the  PRF  or  duty  cycle  is  very  high. 

az.  Scintillation-- In  laser  work,  this  term  is 
frequently  used  to  describe  the^  effect  upon  a  laser 
beam  by  ajjnospheric  turbulence.^ 
i       6a.  Semiconductor  or  Injection  Diode  Laser—  A 
class  of  lasers  which  at  present  produce  relatively^ 
low  average  power  outputs.  « 

66.  Solid  Angle  in)  —  The  ratio  of  the  area  on 
the  surface  of  a  sphere  to  the  square  of  the  radius  of 
that  sphere.  It  is  e^cpressed  in  steradians  (sr). 

i>cr  Bp^ular  or  Regular  Reflection-  A  mirror- 
like reflection. 

bd.  Steradian  (sr)  —  The  unit  of  measure  for  a 
*  st)Hd  angle.  There  are  4  r  steradians  in  a  sphere. 

be.  Transmittance  or  transmissivity  {  r  )  —  'the 
ratio  of  total  transmitted  radiant  power  to  total 
incident  radiant  power. 

bf.  Ultraviolet  radiation—  Electromagnetic  ra- 
diation wfth  wavelengths  between  soft  X-rays  and 
visible,  violet  light.  This  region  is  often  broken  down 
int^'tTir&e  spectral  bands  by  wavelength:  UV'A(315-, 

-  400  nm),  UV-B  (280-315  nm,  and  UV-^C  (200-280 
nm).  »  . 

bg.  Visible  Radiation  iLight)  —  Electromagnetic 
radiation  wjiich,can  be  detected  by  the  human  eye.  It 
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flux,  one  Joule-per-second.  Used  principally  with 
CW  lasers. 

6/.  Watt/cm'  .  (W»cm  2.*')  -  A  umt  of 
irradiance  used  in  measuring  the  amount  of  power- 
per-area  of  absorbing  surface,  or  per  area  of  a  CW 
laspr  beam. 

b)  Wavelength  (A)  — The  distance  between  two* 
'  points  in  a  periodic  wave  which  have  the  same  phase 
IS  termed  one  wavelength.  The  velocity  of  light  (3 
Xio'"  .  cm  •  sec  ^  )  divided  by  frequency  (in  Hz) 
equals  wavelengtn  (m  cm).  _ 
A.  biologic  Effects,  a  General  Laser  radiation 
should  not  6e  confused  with  io^ing  radiation  (such^ 
as  )X  and  gamma  ^a>'^s)  although  very  .  high 
trradiances  have  been  known  to  produce  ionization  in 
air  and  other  materials.  The  biologic  effects  of  laser 
radiation  are  essentially  those  of  visibli.  ultraviolet 
or  infrared  radiation  upon  tissues  However,  radiant 
f  intensifies  typically  produ(fed  by 'lasers  are  of 
magnitudes  that  could  previously  be  approached 
only  by  the  sun,  nuclear  weapons,  burning 
magnesium,  or  arc  lights.  This  is  one  of  the 
portant  properties  that  make  lasers  potentially 
hazardous.  Laser  radiation  incident  upon  biologic 
^issue  will  be  reflected^,  transmitted,  and  'or  ab 
sorbed.  The  degree  to  which  each  of  these  effects 
occurs  depends, upon  various  properties  of  the  tissue 
involved.  Absorption  is  selectiveJas  in  the  case  of 
visible  light,  darker  material'^^h  a5  melanin  or 
other  pigmented  tissue  absorbs  more  energy 

6.  Skin.  Adverse  jthormal  effects  resulting  from 
exposure  of  the  skin  tclradiation  from  315  nm  to  1 
mm  iTfiay  vary  from  miR^reddening  (erythema)  to 
blistering  and  charring,  depending  upon  the  ex- 
.posure  dose  rate  and  the  dose  (amount  of  energy) 
transferred,  and  coi\duction  of  heat  away  from  the 
absorption  site.  Adverse  skin  effects  resulting  from 
exposure  to  actinic  ultra\iolet  radiation  (200  315 
nm)  vary  from  erythema  to  blistering  depending 
upon- the  wavelength  and  total  exposure  dose 
c.  Eye.  ^       ^  , 

(1)  General.  In^almost  all  situations  the  eye  is 
the  organ  most  vulnerable  to  injury    Figure  1 
provides  a  schematic  representation  of 'absorption  of ' 
electromagnetic  radiation  by  the  eyer 

(a)  lypst  higher  energy  X  rays  and  gamma 
rays  pass  completely  through  the  eye.  with  relatively 
little  absorption.  \ 

J  (b)  AbsorpJon  of  ^hort-ultraviolet  (UV-P 
a/d  and  Tar-infrared  (IR-B  and  IR-C)  ra- 

di^on' occurs  principally  at  the  cornea. 

.     (c)  Near   ultraviolet   (UV  A)'  radiation  is 
primarily  absorbed  in  the  leris. 
]  (d)  Light  is*  refracted  at  the  cornea  ai^d  lens 

and  absorbed* at 'the  retina;  near-infrared  (IR-A) 
radiation  i^  alsa  refracted^  and  is  ^bsorbed  in  the 
'  ocularl media  anfc  at  the  retina-        >  <^ 
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(2)  Light  (400-700  nm)  and  Near-Infrared  (IR- 
A)  Radiation  (700  1400  nm).  Adverse  laser  effects 
are  generally  believed  to  be  limited  largely  to  the 
retina  in  this  spectral  region.  The  effect  upon  the 
retina  may  be  a  temporary  reaction  without  residual 
pathologic  changes,  or  it  may  be  more  severe  with 
permanent  pathologic  changes  resulting  in  a  per- 
manent scotoma.  The  mildest  observable  reaction 
may  be  simple  reddening:  as  the  retinal  irradiance  is 

^  increased.  Jesions  may  occur  which  progress  in 
severity  from  edema  toxharring,  with  hemorrhage 
and  additional  tisjue  reaction  around  the  lesion 
V%ry  high  r£tdi^ilf?xposures  will  cause  gases  to  form 
near  the  site  of  absorption  which  may  disrupt  the 
retina  and  may  alter  the  physical  structure  of  "the 
^eye.  Portions  of  the  Bye  other  than  the  retina  may  be 
selectively  injured,  depending  upon  the  region  where 
the  greatest  absorption  of  the  specific  wavefength  6T 
the  laser  eneVgy  occurs  and  the  relative  sensitivity  of 
^^r-feissue  affected.  ^ 

(3)  Ultraviolet  Radiation  (200-400  nm).  Actinic 
ultraviolet  radiation  UV  B  and  UV  C  (200  315  nm). 
can  produce  symptoms  similar  to  those  observed  in 
arc  welders.  It  may  cause  severe  acute  inflammation 


of ^ the  eye  and 
radiation  does  not 
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conjunctiva. 
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teachjthe  retina 
radiation  (UV  A)  ]^  absorbed  prindpajfy  in)  the  le^ 
which  causes  th6  lais  to  fludjresce  Ve 
can  cause  corned  and  lenticular' 
significant  jewels  of  UV:A  reach  the  ji  etiii^.r 


Absorption  of  electromagnetic  radiation  by  the  eye, 

(4)  Far-Infrared  Radiation,  IR-B  and  IR-C, 
(L4-L000  ^m).  Absorption  of  ja? -infrared  radiation 
produces  heat  with  its  characteristic  effect  on  the 
cornea  and  the  lens  of  the  eye.  TJie  10.6  micrometer 
wavelength  from  the  carblon  dioxide  User  is  ab- 

\sorbed  by  the  cornea  and  conjunctiva  and  may  cause 
Revere  pain  and  destructive. effects. 
5.  Medical  Surveillance,  a.  Personnel  to  be 
Examined.  In  accordance  .with -AR  40-46  an  in- 
dividual whose  occupatjpJTpr  assignment  may  result 
in  a  significant  risk/ of  exposure  to  potentially 
hazardous  i^ivels.  of  optical  radiation  shall  ,have  a 
preplacementmedical  examination,  a  termination  of 
employment  examination,  and  other  examinations 
as  appropriate.  The  following  typps^of  individuals 
are  considered  in  this  category: 

(1)  Those,  individuals  .routmefy  using  medium 
po^jgr  or  high  i>ower  (App  C)  lasers  in  Any  RDTE 
/  efifet^  where  absolute  protective  measures  are- .not 

♦  feasible..  '  ^  

'  '  (2^- -Certain  Jkser  equipment,  .such  as  tri|>od- 
mounted,  hand  held  or  airborne  laser  rangefinders, 
designators,  or  illuminators  may  be  determined  to 
present,  a  sufficient  hazard, to  operators  and  related 
p^rsonnie!  that  such-p.i 
The  Surg€^n  General  t 
page  of^the  technical 
wHJ  indicate  which  type; 
>h^'yld  be  fixamined. 
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•soiinel  *nay  Ke  .required  by 
4).e  exapiped.  The  '  vaygin^ 
anual  for  ^ach  lasej  device 
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13)  Maintenanoj  persunntil  routinely  v^urking* 
with  laser  rangefinders. '  illuminators,  and 
designators.- 

.  14)  Operators  and  maintenance  personnel 
routinely  working  with  medium  powur  (app^') 
engineering  'laj>er  trani>its,  geudimeters,  and 
aJineipent  devices,. 

6.  Examination  Requirements  The  medical 
examination  shall  be  performed  b>  an 
ophthalomologibt,  and  shall  include- 

,y_Ui_Kecording  Msual  acuity  with*corrccLion  (if 
below  20/40,  check  fur  impro\ement  with  pin  hole 
or  ±  |l^^01>  spheres  and  0  25D  X-cy|) 


(2)  Dilating  ptipil  and  exajninihg  fundus  care- 
fully. \  ' 

(3)  Photographing  o*r  careftjlly  describing  or 
drawing  any  lesions  seen. 

(4)  Performing  slit  lamp  examination  if  the 
incfividual  is  potentially  exposed  to  infrared  or 
ultraviolet  laser  radiation. 

6.  Protection  Standards,  A  complete  listing  of 
protection  standards  for  the  maximum  permissible 
exposure  of  the  eye  and  skin  83  specified  in  AK  40-46 
are  provided  in  appendix  A.  Protection  standards 
commonly  required  for  the  evaluation  of  lasers  used 
in  military  applications  are  given  in  table  1. 


lable  L  Protection  Slandards  for  Typical  LASERS 


ProlecUonstarxUrd          -  — 

for  inlrabcam  viewing 

Duration 

by  iheeye 

f  ■ — ' — ' — 
Single  I*uls<i  iCiihv  l.a^t•r  4ian«efinder 

 T— 

Single  Pulse 

694  3  nm 

5  X  10-'    J  cm  ^2  /puiae 

Repetitively  Pulsed  lluby 

10  Hz 

nis^^S^s  ' 

L6  X  10~'    J-cm^^  /pulse 

Laser  Rangef>nders  and 

694  3  nm 

InS'lS  fJL? 

'  DeaignaWrs 

20  Ha  ' 

1  1  X  10^'   J'.cm''^  /pulse* 

Sjngie-Pulse  .Neodyfnium  Kangcfindtr 

Single  Pulse 

lOhOnm 

1  ns-100  pL$ 

5  X  \0~^    J  cm  -2  /pulse 

KepetHively  Pulsed  Nwdynnum 

10  Hz 

1060  nm 

1  ns-lOO  tis 

1  6  X  10"^    J -cm  "2  /pulse 

Rangefinders  and 

.  LI  X  10-^    J -cm  -2  /pulse 

Designators 

20  Hz 

,  1060  nm 

Ins. 100  fi^ 

'  *W  Argon  I.dSers  f 

cw 

488  nm&  514.5  nm 

0  25  s 

'  2  5  mW  cm  ^2 

I'VV  Argon  Lasers 

C-\V 

488nm&514  5  nm 

4  to  8  hrs 

1  MVVcm~2 

(*\V  fiehum.Nwn  lasers  {for 

CW 

632  8nm 

0.25  s 

2  5  mW:cm-2 

Ahnement.  etc  > 

4  to  8  hrs 

1  /*\V.CM"2 

.('VV  N'codymium  YA(>  I^ser 

CW 

1064  nm 

100  s-8  hrs 

0.5  mW.cm""^ 

Krbium  LaM>r  Rangefinder  or 

Smgle  Pulse 

154^)  nm 

las-1  /iS 

1  J -cm  ~2  /pulse 

Designator  C 
Holmtum  i/oser  Rangefindrt  ^ 
CVV  Carbon  Dioxide  Laser  V-' 

Single  Pulse 

2010  nm^ 

1  ns- 100  ns 

10  ~'   J. cm  ~2  /pulse 

CW 

«^  6   ;t  m 

10  s-8  hrs 

0,1  W.cm-2' 

CW^  Carbon 'Monoxide  Laser 

CW 

4  7  fim 

10  s-8  hrs 

0.1  W  cm  -2 

r 


7.  Hazard  Evaluation,  a    Gem, rut  Prutedurt  Thr^^ 
aspfccts  of  a  lastr  application  influence  the  total 
^a/.ard  ovalolition  and  tliereby  influence  the  ap 
plication  of  control  measures 

(U  The  laser  device's  capability  of  injuring 
personnel.  i       *  ' 

(2)  The  environment  in  which  the  laser  is  used 

(3)  The  per.^onnel  who  ma>  be  exposed. 

A  practical  jneans  for  both  evaluation  and  control  of 
laser  radiation  hazards  is  to  first  classify  laser 
devices  according  to  their  relative  hazards  and  then 
to  specify  approximate  controls  fo*  each 
classification.  The  use  of  the  classification  method 
will  m.mo.st  cases  preclude  any  requirement  for  laser 
measurements  aiid  greatl>  reduce  the  need  for 
*  calculations.  This  standardized  laser  classification 
.schema defines  aspect  i  -  the  potential  hazard  of  the 
laser  device.  Aspects  2  and  3  vary  with  eacH  laser 
application  and  cannbt  be  readily  included  in  a 
general  classification  scheme.  The  total. hazard 

r  I  i  ^ 
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evaluation  procedure  must  consider  all  three  aspects, 
although  in  most  cases  only  aspect  1  influences  the 
control  measures  .which  are  applicable. 

b.  Laser  and  Laser  System  Hazard  Classification 
Scheme. 

(1)  The  five  hazard  classifications  are  defined  by 
the  laser  output  parameters  and  are  specified  in 
detail  in  appendix  C.  TheJ  general  classification 
scheme  with  general  hazard  control  concepts  is  as 
follows:  ^ 

(a)  Class  I  — Exempt  (EL)  laser  devices  are 
those  not  capable  of  emitting  hazardous  laser 
raditltion  under  any  operating  or  viewing  condition. 

(b)  Class  II  — Low  power  (LP)  laser  devices 
are  those  CW  visible  (400-700nm)  laser  devices 
having  a  total  power  bet|veen  0.4  /xW  and  1  mW. 
jPnecautions  areVequired  only  to  prevent  continuous 
staring  into  the  oi^ect  bearn,  momentary  ( <0.25  sec) 
pxfK)Sure  as  would  oecui*  ir|  an  unintentional  viewing 
jsituation  is  hot  considered  hazardous. 
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|c)  *Cla3s  III  — Medium  power  IMP)  laser 
devices  are  potentially  hazardous  if  the  direct  beam 
is  \iewed  by  the  unprotected  e>e,  but  do  not  i unless 
focused)  cause  hazardous  diffast  reflections.  Care  is 
'required  to  prevent  intrabeani  ,viewipg  and  control 
specular  reflections.^  M9St  mUitary  laser  rangefinders 
^and  designators  fall  into  this  category.  ^ 

(d)  Class  IV— High  power  (HP)  lasers  are 
those  pulsed  visible  lasers  capable  of  producing 
diffuse  reflections  or  fire  and  skm  hazards,  or  those 

«  CW  Jasers.-with  an  output  a|>ove  0.5  W-  Safety 
precautions  associated  with  •  high  power  lasers 
generally  consist  of  usm^oor  interlocks  to  prevent 

•  exposure  ^to  unauthorized  or  transient  personneK 
entering  the  laser  facility,  thev  use  of  baffles  to 
terminate  the  primary  and  secondary  beams,  and  the 
wearing  of  protective  eyewear  and  clothing  by 
personnel.  r      "        '  f 

(e)  Class  V-p:nclosed  Laser  (ES)-As  the 
name  implies,  the  laser  is  enclosed  such  that 
potentially  hazardous  optical  iadiation  does  not  e^it 
from  the  enclosure.  '  1 

(2)  This  classification  scheme  is  identical  to 
that  used  in  American  National  Standards  Institute 
*"ANSI-Z-136,  Safe.  Use  of  Lasers,  1973."  This 
classification  may  already  appear  on  commercial 
laser  products  manufactured  subsequent  ^o  the 
adpption  o?that  standard  and  should  be  used  unless 
the  laser  is  modified  to  signify  change  its  output 
.power  or  energy,  or  unless  the  laser  is  enclosed. 

.  c.  Envjronm-ent.  Following  laser/system 
classification,  env^onmental  factors  require  con- 
sideration. Their  Importance  m  the  total  hazard 
evaluation  depends  upon  the  la^er  classification.  The  , 
decision  to  employ  additional  hazard  controls  not 
specifically  reqi^ 
cl^^^jjLJas^r 


paragrapITS  for  class  ffl  an^ 
TtSpends 


Targel^L, 


-\  vifopmental  conjffe  rations^  The  probability  of 
personnel  exposure  to  hazardous  laser  radiation 
must  be  considered  and  is  influenced  by  whether  the 
laser  is  uS9d  indoors,  such  as.  in  a  machine  shop,  in  a 
classroom,  in  a  research  laboratory,  or  a  factory 
production  lihe,  or  outdoors,  such  a§.  on  a  range,  in 
the  atmosphere  above  occupied  areas,  or  in  a  pipeline 
construction  trensh.  Othtr  environmental  hazards 
(Pa^a  9)  must  be  considered.  If  exposure  of  un- 
protected personnel  to  the  primary  or  specularly 
reflected  beam  is  expected,  calculations  or 
jneasurements  of  either  irradiance  or  radiant  e3t- 
posure  of  the  primary  or  specularly  reflected  beam 
(or  radiance  of  an  extended  source  laser)  at*  th^t 


. speciQc 


procedutjes  are  discussed  in  appendix  D. 
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location    are  1  required.  These 


detj^d 


indoor  taser  operations,  m  general  only  the 
ice  clajsSificatjon  iS|Con^idered  p  evaluatlngi 


an  indoor  laser  operation  if^the  bejim'  is  enclosed  or  is 
operated  in  a  controlled  area.  The  following  step-by- 
step  procedure  is  recommended  for  evaluatiott  of 
C?lass  III  lasers  indoors  vjhen  this  is  necessary  (since 
there  is  a  potential  exposure  of  uili)rotected  per-  * 
sonnel  with  this  particular  class  of^laser  devices). 

STEP  1.  Determine  the  hazardous  beam 
path(s). 

STEP  2.  'Determine  extent  of  hazardous 
specular  reflection,  as  from  lens  s.urfaces  and  beam 
splitters  (app  D.).  ^  x-: 

STEP  3.  Determine  the  extent  of  hazardous 
diffu^  reflections  if  the  emergent  laser  beam  is 
focusld.  "   _ 

STEP   4.   Determine   is  other  (non-laser)  « 
hazards  exist  (para^'3)  


(2)  Outdoor  las^r  operations  *over  extended 
(kstance9.  The  total  hazard  evailua^ion  of  a  particular 
•  Ifeiser  system  depend's  on  de/ining  the  extent  of 
sev.eral  potentially  hazardous  conditions.  This  may 
be  d^e  in  a  step-by-step  manner  aS  follows: 

STEP  1.  Determine  the  nominal  hazardous 
range  of  the  laser  (app  D).  The  nominal  hazardous 
range  6f  standard  lasers  is  established  by  the  US 
Army  Environmental  Hygiene  Agency. 

STEP  2.  Evaluate  potential  hazards  from 
specular  surface  reflections,  such  as  those  from 
windows  an^^  mirrors  in  vehicles.  Flat  surfaces 
present  the  greatest  ^oroblem  since  speculai- 
ref lections  retain  the  high  obllimation.of  the  origined 
laser  beam  (fig  2  ancji  3). 

STEP^3.  Determine  whether  hazardous 
diffuse  reflections  exist  if  the  laser  is  operating  jn  the 
400  1400  nm  band  (table  2  app  B  and  example  ^,  app' 
D).  '  •  . 

Step  4.  Evaluate  the  stability  of  the  laser 
platform  to  determine  the  extent  of  lateral  range 
control  and  the  lateral  constraints  that  should  be 
placed  upon  the  beam  traverse.  Evaluate  need  for 
control  of  evaluation  angle. 

STEP  5.  Determine  the  likelihood  of  per- 
sonnel being  present  in  the  area  of  the  laser  heim. 

^3)  Personnel.  The  individuals  who  may  be  i^ 
the  vicinity  of  a  laser  and  its  emitted  beam(s)  can 
influence  'the  decision  to  adopt  additional  control 
measures  not  specifically  required  for  the  class  of 
Mser  being  employed.  This  depends  upon  the 
classification  of  the  laser  device. 

FIRST.  If  children  or  otiiers  unable  to  read 
and/or  understand  warding; lab^  may  be  ^posed  to 
potentially  hazardous  laser  radiation,  the  hazard 


evaluatio^n  is  affected,  and  control 
require  appropriate  rhodification. 
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Figure  2  f  Diffuse  reflection  and  specular  reflection 


POND 


Figure  3.  E:^ample  of  specular  reflection  from  pond  of  water  or  horizontal  flat  glass  on  range. 


SECOUD.  The  type  of  personnel  influences 
the  total  liazard  evaluation  (principalis  with  the  use 
of  class,  in,  Medium  Power  Lasers), /i  shaliie  kept 
in  mind  for  laser  range  findet,  designators  and  some 
class  III  lasers  used  in  construction,  that  the 
principle  hazard  control  rests  with  the  operator  not. 
to  aim  the  laser  at  personnel  or  flat  mirror-like 
surfaces.  , 

The  following  are  considerations  regarding  per:>onnel 
who  may  be  exposed: 

FIRST.    Maturity  and  general  level  of  training, 
and  experience  of  laser  userf^^  (i<^e.,  tramees,  ex  > 
perienced  soldiera,  sci,entists) . 


SECOND. 


^  Wanness 


and  th 


present 
precautions, 

THU?D.| 
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FOURtH.  *  Reliability  of  individuals  to  wear 
eye  protection,  if  required.  ^ 

FIFTH.  Laser  exposure  that  may  be  in- 
tentional for  tde  application. 

SIXTH.  Number  and  location  of  individuals 
relative  to  the  primary  beam  or  reflections,  and 
probability  of  accidental  exposure., 
8.  General  Hazkrd  Controls  .For  Lasjr  R deviation, 
a.  Hazardf  controls  vary  depending  on  the  type  of 
laser  being  used  and  the  manner  of  its  u5e.  Moist 
co/itrol  measures  depend  upon  the  laser  clas^ficatlon 
Si3  specified  in  appendix  C.  In  general,  a  clas^I  l^ser 
device  is  one  th^t  is  considened  to  b6  incapabie  of' 
producing  datr^agij^g  optical  radiation  levels  and  is, 
therefore,  exempt  from  any  i control  measures  or 
other  forms  of  surv^eillance.  A] class  II  Laser* device 
m£fy  be  viewed  directly^  but  miist  havq  a^  cautionary 
label  affixed  to  the  deviixe  vyarning  against  con- 
)tinuou8  intrabeam  i\^vvin/jj  (sjar^ng  into  the  beam). 


A  dass^lll,  molium  po^er  las^r  device  requires 
'Control ^measures  that  shall  prevent  intrabeam 
viewing.  A  dasa.  IV  High  Power  Laser  Device 
requires  .the  use  of  controls  which  shall  prevent 
exposure,  of  the  eye  and  skin  to  tha  direct  and»  dif 
fusely  reflected  beam  and  the  termination  of  the 
unused  beam  (s)  by  fire-resistant  backstops.  Class  V 
Endosed  Laser  Devices  are  either  dass  ll,  dasslll 
or  class  IV  lasers  contained  in  a  protective  housing 
and  operated  in  such  a  manner  as  to  be  incapable  of 
emitting  hazardous  radiation  from <^ the  enclosure. 
Only  a  stringent  control  system  permits  a  laser  to 
qualify  as  dass  V. 

b.  It  m\2st  be  remembered  that  the  da^fication 
scheme  given  in  paragraph  76  relates  specifically  to 
the  laser  device  itself  and  its  potential  Jiazard,  based 
on  operating  charactfenstics.  However,  the  en- 
vironment and  conditions  under  which  the  laser  is 

^  used,  the  safety  training. of  persons  using  the  laser 
and  other  environmental  and  personnel  factors,  may 
play  a  role  in  detennining  the  full  extent  o£  hazard 

'control  measures.  Since  such  situations  will  require 
informed  judgements  by  responsibre'persons,  m^jpr 
responsibility  ^  for  such  judgements  should  be 
assigned  to  a  qualified  person,  ^n^ely  a  Laser 

*  Safety  Officer,  pnly  pYoperly  indoctrinated  persons 
shall  be  designated  Laser  Safety  Officers  or  be 
placed  in  charge  of  cTass  III  and  IV  laser  in- 
stallations ot  operations  The  complete  enclosure  of  a 
laser  beam  (an  endosed  laser)  shall  be  used  when 
feasible.  A  dosed  installation  provides  the  next  most 
desimble  hazard  control  measure.  Following  are 
details  rdating  to  safe  laser  operation  in.  — 

U)  An  outdoor  environment  yhere  cuiminis- 
traiive  controls  oft^n  provide  the  only  reasonable., 
approach. 

^      (2)  An  indoor  environment  where  engineering 
contiols  should  play  the  greatest  role. 
c  Outdoor  Laser  Installations. 

(1)  Class  U  low  power  ta^er  devices.  The  beam 
should  be  terminated  where  readily  feasible  at  the 
^d  of  the  usefu^l  beam  path  and  the  laser  should  not 
be  directed  at  personnel  who  are  not  cognizt^t  of 
their  illumination. 

(2)  Clcuis  nj  and  IV  lasers. 

^  (a)  Persohn^  shall  be  exduded  from'  the 
beam  path  at  all  points  wh^re  'the  beam  irradiance  or  ^ 
Vadiant  exposure  exceed  the  appropriate  Protection 
Standard.  This  shall  be  accomplished  by  the  use  of 
physical  barriers,  administrative  controls,  the  use  of 
interlocks  and  by  limiting  the  beam  traverse. 

(b)  The  tracking  of  nqntarget  vehicular 
traffic  or  aircraft,  whether  intentk)nal  or  inad- 
vertent, shall  be  prohibited  within  the  calculated 
hazardous  distances  of  class  III  or  IV  lasers. 

(c)  The  beam  path(s)  shall  be  cleared  of  all  . 
flat  specular  surfaces  capable  of  producing  reflec- 
tions  that   aice|.  potentially   hazardous,   or  eye 


protecdon  should  be  r^^quired  for  all  personnel  within 
the  hazardous  area.  .  . 

(d)  Paragraphs, 10  knd  11  provide  detailed 
guidance  applicable  to  range  control  of  las^ 
r^gefinders,  illuminators  and  designators. 

(3)  JClass  ly  laser.  Operation  of  class  IV  High 
Power  Lliser  Devices  while  it  is  raining  or  snowing  or 
^hen  therejs  dust  or'fog  in  the  air  should  be  avoided 
without  the  wearing  of  Rser  pf otectivV  eyewear  by 
personnd  within  the  immediate  vicmit>  Qf  the  beam, 
d.  Indoor  Laser  Installations. 

(1)  CI^ss  IV^^High  Powe^Laser  Installations— 
Sp^cifidPrecautions^.  Pulsed  daSs  IV  visible  and  IR- 
A  lasers  are  hazardous  to  the»eye  from  direct-beam- 
viewmg  ai)d  ^m  specular  and  diffuse  reflections  of 
the  laser  beam,  and  are  generally  also  hazardous  to 
the  skin.  Class  IV  ultraviolet,  infrared,  and  CVV 
visible  lasers  present  a  potential  fire  and  skin 
hazard.  Safety  precautions  associated  with  high 
powef  la^s  generally  consist  of  using  door  in- 
terlocks to'  prevent  exposure  to  unauthorized^  or 
W^nsient  personnel  entering  the  controlled  facility, 

-  the  use  of  baffles  to  terminate  the  primary  and 
secondary  beams,  and  the  wearing  of  protective 
eyewear  and  clothing  by  pe^sormel  within' the.  in- 

--terlocked  facility.  "      _      .  - 

(a)  Safety  interloclts  at  the  entranci?  of  the 
laser    facility    shall    be    so    cor^truc|ed  .^hat 

.  -V,  unauthorized  or  transient  .personnel  shall  be  denied^ 
access  to  the  facility  wlyle  the  laser,  is  capable  of 
operating.  '   .  ,  ~  *  , 

(b)  Laser  electronic-firirig  systems  fon  pulsed 
lasers  shall  be  so  designed  that  aC:cidental  pulsing  of 
a  stored  charge  is  avoided.  The  firing  circuit  design 
^should  incorporate  a  "Fail-safe**  system  in  'this, 
regard.  '  ^ 

(c)  An  alarm  system  including  a  muted  ^und 
and/or  warning  lights  (visible  through  laser 
protective  eyew^)  ancT  a  countdowh  procedure 
should  be  used  once  the  capacitor  banks  begin  to 
charge.  .  '  • 

(d)  Good  room  illumination  is  important  ^in 
areas  where  laser  eye  protection  is  required.  Light 
colored,  diffuse  surfaces  in  the  room  help^to  acliieve 
this  condition.  ^  \'  ^ 

(e)  Very  higfN  energy  pr  high  power  lasers 
should  be  operated  by  remote  control  firing  with^ 
television  monitoring,  if  feasible.  This  eliminates  the 
need  for  personnel  to  be  physiosdly  present  in  the 
same  room.  The  endosure  of  the  laser,  the  associated 
beam,  and  the  target  in  a  light-ti^t  box  is  an 
equivalent  alternative. 

(f)  The  principal  hazard  associated  witrli  high 
power  CW  infrared  (such  as  CQ2  -N2  )  lasers  Is  the 
firehazard.  A  suffident  thickness  of  earth,  firebrick, 
oj*  asbestos  should  be  provided  as^  a  backstop  for  the 
beam. 


(g)  Reflections  of  far-infrared  laser  b^dms  .  -5 
should  be  attenuated  by  enclosure  of  the  beai4  apd  i 
target  area  or  by  eyewear  constructed  of  a  material «  f 
such  as  Plexi0as8  which  is  opaque  to 
wavelengj:hs  beyond         Even  dull  meCal  lurficeS^  y 
may  be  hi^y  specular  at  far-infrared  laser 
waveleiigths  such  as  10^6       (CO 2  loser).  / 
^    (2)  Specific  precautions,  applicable  to  c^ss  Itl 
medium  power  CW  or  pulsed  laser  systeml.  These 
lasers  ate  potentially  hazardous  i£  the  direct  beam  is 
viewed  by  the  unprotected  eye.  Care  Is  required  to 
prevent  direct  beam  viewing  and  control  specular 
.reflections.  JEye  protection  is  required  if  acScjdental 
'  intra-beam  viewing  is  possible. 
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9  Recognition  of  Associated  Hazards.  Depending 
on  the  type  of  laser  us^.  associated  hazards  in 
volyed  in  laser  operations  may  include.  -  ^ 

a  Atmospheric  Contamination.  Adequate 
ventilation,  or  enclosures -shall  be  employed  to 
control:   •  • 

ii)  Vaporized  target  material  from  high  energy 
cuttll^»  drilling,  and  welding  operation.  Materials 
involved  ma>^  include  carbon  monoxide,  carbon 
dioxide,  ozone,  lead,  mercury,  and  other  metals. 

4^)  Gases  from  flowing  gas  lasers  or  byproducts 
of  ias,er~ reactions  such  as  bromine,  chlorine, 
hycjrogen  cyanide,  and  many  others  Ozdne  created 
by  laser»produced  plasma.  » 

Gases  or  vapors  from  cryogenic  coolants. 
H)  Vaporized  biological  target  materials  from 
high  energy  lasers  used  in  biological  or  medical 
applications. 

b  llltm  violet  Radiation  Either  direct  or  reflected 
UV  radiation  from  flash  lamps  aiid  CW  laser 
discharge  tubes  shall  be  shielded  Ultraviolet 
rajiiation  is  generally  only  of  concern  when  quartz 
tubing  is-  used.  Personnel  shall  not  be  exposed  to 
levels  of  ultraviolet  radiation  in  excess  of  protection 
standards  givjen  in  AR  40*^6. 

c   Visible  gnd  Near-Infrared  Radiation,  High 
intensity  optical'  pumping  systems  may  present  a . 
potential  retinal  hazard  and  should  be  shielded. 

d  Electrical  Hazards  The. potential  for  electrical 
shock  is  {>resent  in  most  laser  systems.  Pulsed  lasers 
utilize  capacitor  banks  for  energy  storage  and  CW 
laser<gerierally ^ave  high  voltage' direct  current  or 
radiofreqijency  electric^il  ^wer  supplies.  Solid 
conductor  grounding  rods  (connected  first  to-  a 


'     trlmlilt;  .j^ruuiicTP  ijhali   be  utmze3^  uT  di^fiarg^^ 
potentially  live  circuit  points  prior  to  maintenance.  ^ 
Viaintenance  personnel  shall  familiarize  thehiselve? 
with- the  safety  procedures  provided  iri  the  main- 
tcnance  manual  f9r  the  device.  , 

e  Cryogenic  Conlant,s,  Cryogeni(r  coolati^  may 
'cau^e  skin  or  'eye  injury  if  improperly^  used. 
Examples  are:  liquid  nitrogen, ''liquid^ helium'l  liquid 
.hydrogen.    '      *  >  .  ^ 

/  Other  Hazards  The  potential  for  explosions  di 
capacitor  banks  or  optical  pdmp  systems  ejysts 
during  the  operatioA  o(*some  high  powW  lasers  or 
laser  systems!  The,  possibility  of.  flying  particjes  • 
/rom.  target,  areas  in  laser  cutting,  drillht^,  and 
welding  operatipns'may-e;cist  Explosive  reactions  of 
chemical  laser  reactants  or  other  gases  used  jvjthln  ' 
cprtain  laserlaboratones  is  of  concern  in  som^  cases. 
*    ^g'^'^  rays  *X  rays  may  be  generated  from  high  ^* 
■  .voltage  (over  15  kV)  power  supply  tubpS.  Adequate 
^  shielding  shalV be  'employed.     *  \  , 
•  10  Si'mplincd  Range  Control  Measur'es  for  Topical 
Operations  of  Laser  Range  finders,  Designators  and 
Illuminators  a   Limitations  The  guidance  provided 
;<dedfs  with  range  operations  in  which^  the  laser 
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rangefinder  designator  or  /Uuminator  is  aircraft  or 
vehicle-mounted,  tripod-jnounted  or  hai^d-held  and 
has  a  hazardous  range  of  at  least  1  km.  Because  of 
the  varied  characteristics  of  laser  systems  in  use. 
these  guidelines  should  not  be  applied  to  laser 
systerns  other  than  those  having  a  be£un  divergence 
of.l*  {17  milliradians)  or  less. 
b.  'Background. 

(1)  The.  laser  system  except  for  its  mabiUty  to 
penetrate  targets  can  be  treated  like  a  direct'fire, 
line-of-si^t  \^eapon.  such  as  a  nfle  or  rhachinegun. 
,Thus.  the  hazard  control  precautions  talfen  with 
respect  to  those  types  of  \^eapon  will  provide  most 
aspects  of  the  safe  environment  required  for  laser 
use.  Special  'control  measures  for  laser  use  are 
discussed  below. 

(2)  The  hazard  from  these  types  of  laser  devices 
is  limited  to  exposure  to  the  unprotected- eye  of 
individuals  within  the  direct  l^r  beam  or  a  laser 
beam'  reflected  from  specular  <  mirror-like)  surfaces. 
Serious  eye  damage  with  permanent  impauTnent  of 
vision  can  result  to  unprotected  personnel  exposed  to 
the  laser  beam.  ^  , 

(3)  Essentially,  the  laser  b^am  travels  in  a 
straight  line,  ,so  it  isr  necessary .  to  provide  a 
baclcstop.  such  as  a  bill  behind  tfie  target  during 
laser  firing.*Calculafe<l.  nominal  hazardous  ranges 
often  extend  even  beyond  8  ^ilofneters^  and  the  use' 
of  optical  yiewing'instruments  within  the  beam  could 
extend  thfs  hazardous  .range  considerably^  For  this 
reason,  and  because  o^atnjospheric  effects^upon  the 
beam,  the  designation  of  a  §ingle  '^lazandous  range" 
for  firing  range  safety  purposes  is  not-  feasible  for 
most  testing^and  tuning  purposes. 


(4)  Every  object  thaf  the 'laser  b*am  strikes  will 
reflect  some.energ^.  bacTc  toward  thejiaser.  In  most 
cases,'  tlij^  energy  is  a  djff;use  refieclion  and  isAiot 
hazardous,  howevA*,  certain  shiny  reflecting, sur* 
faces,  must  be  avoided  as  targets  to  prevent  & 
hazardous  amoupt  of  radiation;  from  being,  reflecte<il. 
These  conditione  are  described  ih*  succeeding  smK- 
paragraphs.        ^  * 

c.  ;Lase>  Range  SafeHy  Officer.'  A  person 'familiar- 
with  the  raDge  cpntrol  procedures  required  for'^laser 
operations  is*  termed  in.  this  bulletin  ^the  ''Laser 
ilange  Safety  Officer"   (LRSO).  *The   \jRSO  /s 
•responsible  for  ^he  following:     .  \        '  ,  . 

(1)  The  LRSO  will  thoroughly  instruct  ajl'' 
personnel  jiutjiorized  to  participate  in  the*  laser 
operation  regarding  safety  precautions  'to  be^^' 
followed.  This  jristruction  should  be  of  such  Sf:o'pe  as  * 
to  alleviate  apy  fe/irs  generated"  by  a  ia'ck  of 
knowledgj?  that  may  be  hd*rboi-ed  by^paj^ticipating^  ^ 
'Personnel.*  ^  *'  / 

(2)  The  LpSO  will  insure  that  safe  standing 
operating  profcedure^  are  implemented  and  will 
establi.sh  targej,  arjjas  with  buffer  zones^at  least  2  to  5 
jnils  around  the-  taree't  area  as  defined  by  the 
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greatest  laser  •to- target  distance.  <rhe  LRSO'wili 
provide  adequate  surveillance  of  the  target  area  to 
insure  that  no  unauthorized  personn^  enter  that 
ar«i.  He  will  insure  that  communication  with  per 
sonnel.in  the  target  area  is  rnaintaiijed  to  insure  that 
-protective  eyewear  is  worn  as  vrequir^  during 
operation.  .Any  break  in  coi?f&nications  will 
automatically  ter^pinate  lager  operSWn. 

<3)  The  LRSO'^js  responsibl3^<pi^  reporting 
immediately  any  case  of  suspected  ov^exposure  of 
the  eye  to  laser  radiation  to  the  installation  sufgeon 
so  that  an  e>'e  examinauon  can  be  performed  within 
24  hours  of  the  exposure.  ^  > 

.  d.  Laser  Operator.  The  laser  operator  wU>  fire 
only  at  designated  targets  wlych  are  diffuse 
reflectors,  and  will  at  no -time  fire  at  specular  sur- 
faces, such  as  glass,  mirrors,  windows,  etc.  This 
constraint  can  be  met  by  removing,  covering  or 
painting  specular  surfaces  on  vehicles. 

e.  Eye  Protection.  Those  who  must  be  in  Che 
target  area,  such  as  moving^ target  operators  or  test 
personnel,  shall  wear  laser  protective  eyewear  with 
curved  protective  lenses  during  laser  firing.  Such 
^ewear  must  be  approved  for  the  speqific  model  of 
ilaso'  device  being  fhed .  A  laser  filter  dftsigned  for 
protection  again^  one  type  of  laser  may  not  protect 
against  harm  from  anojher. 

.  /.  Inclement  Weath^t  and  Night  Operations.  No 
precautions  other  than  as  previously  stated  in 
paragraph  10  are  required  at  night,  or  during  rain, 
snow  or  fog. 

g.  'Operation  Outside  of  Range  Area.  The  laser 
systepi  will  not  be  operated  or  experimented  with 
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yrhen  removed  from  its  mount,  such  as  a  tnpod  or 
vehicle  unless  specifically  authorized  by  *the  ap- 
propriate maintenance  manual. 

h.  Beam  Terminatiqn.  During  laser  operations  no 
portion  of  the  laser  beam  will  extend  beyond  the 
controlled  target  area.  This  will  be  done  by  con- 
struction of  the  target  or  choosing  a  natural  target, 
the-size  of  which  will  .intercept  .the  laser  beam  and 
providefn  additional  buffer  zone.  Targets  will  be 
located  in  ^ch  a  /nanner  that  they  have 
•geographicaf  backstop,  i.e.,  a  mountai; 
ground. 

I.  Buffer  Zone.  The  extent  of  the  buffer  zone 
depends  upon  the  aiming  accuracy  of  the  laser 
dev^ice...  The  aiming  accuracy  of  the  laser  device 
depends  upon  whether  the  laser  is  mounted  on  a 
stable  platform,  i.  e.,  a  static  base  that  cannot  be 

'  e^ily  moved  by  someone  jarrmg  it  (e.  g.,  heavy 
duty  tripod,  static  tank,  reinforced  bench  mount)  or 
an  unstable  platform  {e.g.,  light  tripod,  hand  grip, 
moving  tank  or  aircraft).  The  stable  platform 
generally  requires  only  2  mil  buffer  zones,  whereas, 
the  unstable  p)atfonn.generally  requires  5  mil  buffer 
zones.    For    moving'   platforms    withoi^  gyro- 

--Stabilization,  10  mil  buff^  zones  may  be  required. 
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j.^  Optical  Viewing.  The  use  of  optical  devices  to 
observe  the  target  during  laser  operation  will  Dot  be 
permitted  unless  flat  specular  surfaees  have  been 
removed  from  the  target^area  or  unless  appropriate 
laser  safety  filters  are  placed  in  the  optical  train  of 
the  binocular  or  telescope, 

k.  Countdown.  A  countdown  is  not  required  p/ior 
to  firing  in  a  range  environment  The  use  of  range 
flags  during  firing  serves  the  purpose  of  notifying 
personnel  that  laser  firing  or  live  firing  is  in 
progress.  Radio  communication  with  personnel 
downrange  in  the  target  area  must  be  provided 
during  laser  operation  to  insure  that  eye  protection  is 
being  worn  b^  such  personnel. 

/.  Standing  SnovL  and  Wat^r,  Hazardous  specular 
reflections  from  standing  snow  or  water  do  not 
present  a  heizardous  situation  to  ground  personnel 
not  located  along  the  azimuth  of  the  beam  path. 
These  reflections  do  not  present  a  hazard  to  per- 
sonnel in  aircraft  outside  of  the  restricted  air  space 
above  the  range. 

m.  Warning  Signs.    Evaluation   of   each  an-« 
ticipated  operating  conditit)n  should  include  con 
sideration  and  development  of  procedures  for  in- 
suring proper  placing  of  warning  signs  for  thaf 
operation.   Local  standing  operating  procedures 
should  provide  for  the  placement  of  temporary  or 
permanent  signs  during  such  periods  of  operation 
The  symbol  is  red  with  black  Ictter^g  on  white 
background. 

n.  Ground  Laser  Systems— Specific  Guidance 
(1)  No  unprotected  personnel  will  be  permitted 


"m~tHeiaser"  targe t^^rti  sho.wn  In  Uk  "suiface. 
.  clanger  area"  diagram  (^ig  4)  for  the  range  as  would 
be  utilized  for  a  live  fire  weapon  (e.  g.,  AR  385-63). 

(2)  The  laser  device  will  be  fired  only  on  ranges 
that  have  been  established  as  laser  ranges  If  the 
laser  system  is 'to  be  used  on  a  non -live- firing  range, 
Area  B  may  be  omitted  from  the  surface  danger  area 
diagram. 

(3)  The  laser  device  will  not  be  used  in  two- 
sided  tactical  excercises  unless  all  personnel  are 
equipped  with-  appropriate  laser  eye  protection  * 

(4)  For  laser  firings,  the  dimensions  of  the 
target  and  impact  areas  created  by  the  direct-fire- 
.weapon  safety  requirements  (e.  g.,  AR  385-63)  must 
be  extended  by  an  additional  zone,  area  C  of  figure  4. 
Area  C  can  be  shortened  or  eliminated  by  the  use  of  a 
suitable  backstop  located  beyond  the  targets 
(targets  will  be  suitably  placed  below  the^horizon  of 
the  backstop,  fig  S).  To  prevent  the  need* for  control 
of  airspace  to  the  nominal  hazardous  range  (typically 
5  'to  20  kilometers),  the  laser  sho^ild  only  be  fired 
from  a  static^position  when  it  is  pointed  mOre  than  2 
mils  below  the  backstop  horizon  or  fired  from  a 
moving  vehicle  when  it  is  pointed  more  than*  5  mils 
below  the  backstop  horizon, 
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Figure  5.  Laser  range  terra 

(5)  Barricades  afad  warning  signs  used  to 
-  prevent  personnel  from  entering  a  weapon-firing  area 
;Will  also  be  used  for  that  same  purpose  in  con- 
'junction  with  laser  firing.  The  additional 
requirements  posed  by  th€  laser  in  this  regard  are  to 
mark  extended  range  areas  (area  C)  if  one  is 
required,  and  to  provide  notice  (fig  5)  at  the  entrance 
to  the  range  that  laser  operations  are  being  con- 
ducted. 

<6)  Flat  mirror-lijce  objects  having  a  vertical  or 
.  near-vertical  surface  must  be  removed-  from  the 
,  target  area  between  0  *ft^d  1000  meters  from  the 
firing  point  farthest  downrange  to  prevent  eye  injiwy 
from  a  reflect^  laser  beam.  Generally,  those  sur- 
faces in  which  a  reflected  image  can  be  ovserved 
should  be  removed,  but  the  object  may  be  covered  or 
painted  with  lusterleas  paint  if  it  cannot  be  removed. 
Flat  mirror- like  objects  in  the  sense  of  this  provision 
are: 

<a)  Mirrors.  ^ 
'  ,  '  '  <b)  Chrome-pldted  metal. 

<c)  Panes  of  glass  or  plastic  (e.  g.,.Lucite  or 
Plexiglass). 

17)  Beyond,  1000  meters  range,  only  clearly 
visible  reflective  objects  need  to  be  removed  if  the, 
beam  divergence  is  less  than  0.6  milliradian. 
However,  the  laser  range  finder  should  not  be  in- 
tentionally  fired  at  highly  reflective  surfaces  at  any 
range.  ^ 


An  profile^  with  backstops. 

{H)  The  target  material  may  be  of  any  surface 
tl^at  ^es  not  meet  the  description  in  /  (6)  above. 
Cloth,  cardboard,  wood  and  lusteiless  metal  of  any 
size  and  oohr  are  acceptable  as  targets  for  laser 
firing. 

(9)  To  prevent  potential  hazards  to^  unprotected 
personnel  from  diffuse  reflections,  some  laser  devices^ 
should  not  be  fir^  at  any  surface. located  within  a 
range  of  10  meters  from  the  laser.  Precautions  such 
a^  the  remove  of  brush  and  trees  necessary,  to 
prevehf.this  should  be  taken. 

(10)  The  filters  and  protsective  goggles  that 
have  been  developed'  for  use  with  lasers  are  nfft 
required  for  training  exercises  when  idl  ^rsonnel 
outside  of  the  target  area  comply  with  the  provisions 
of  this  bulletin.  Persons  who  must  be  ]h  the  target 
area  must  wear  laser  protective  eyewear  w.ith  curved 
protective  lenses. 

(11)  An  /  opaque  dust  cover  or  ballistic  cover 
shall  be  in  place  whenever  the  laser  device  is  removed 
from  the  range. 

o.  Laser,  Operations  from  Aircraft.  These 
guidelines  ^pply  to  operation  of ,  airborne  laser 
^rangefinder  and  dksignatoj;;^4Mned  at  ground  targets 
which  can  cause  ocular /njury  to  ground  personnel 
observing  the  laser /nurce  directly,  or  indirectly  by 
specular  reflection,  aamost  operational  altitudes*. 

(1)  It  is  gen^Uy  desirable  to  dear  the  target 
e^ea  of  flat  specular  surfaces.  The  pilot  of  the  aircraft 
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assigned  to  n>  the  firing  area  will  be  instructed  to 
visual!>  check  for  possible  specnlar  items  before 
laser  operation  by  noting  the  location  of  standing 
water  and  the  position  of^ vehicles  and  buildings 
whiph  may  •contain  glass. 

(21  Laser  protective  eyewear  with  curved  filter 
lenses  will  be  made  available  (or  personnel  reqinred 
to  be  m  the  vicinity  of  the  target  area  during  laser 
operation.  The  safely  goggles  will  provide  an  optical 
density  approplTate  for  the  operation  at  the  laser 
wavelen^h.  For  devices  having  an  output-energy 
pulse  less  thanO  1  joule,  an' optical'density  of  six  Is 
adequate^  '         '  * 

(3)  The  use  of  laser  eye  protection  by  air  crew 
personnel  which  reduces  vision  shall  be  discouraged, 
other  hazard  controls  should  be  utilized  instead. 

(4)  The  iOstallation  sujgeon  wtll  be^  notified 
prior  to  la^r  operations  so  that  personnel  required  to 
receive  a  thorough  ophthalmoiogical  examination 
prior  to  working  with  the  laser,  as  olitlined  in 
paragraph  5.  can  receive  such  examinations. 

(5)  The  flight  crew  will  take  all  precautions  to 
insure  that  ^he  la^er  is  fired  only  at  designated 
targets. 

(6)  All  ground  personnel  must  be  instructed  to 
assume  that  the  laser  is  in  operation  at  al!  times 
whenever  the  aircraft  is  firing  on  targets  or  is  above 
an  active  range. 

(7)  The  officer  in  charge  or  operator  will  insure 
that  the  laser  system. is  secured  a^d  unable  to  fire 
whehxhe  aircraft  is  in  some  location  other  than  an 
authorized  firing  site.    • 

(8)  The  Laser  Raiige  Safety  Officer  and  local  «ir 
traffic  control  will  assure  that  adequate  danger  zones 
are  established  and  that  strict  control  of  traffic  is 
maintained  as  necessary.  Normally,  a  Range  Control 
Office  in  responsible  for  coordinating  the  mission 
with  other  activities  within  the  laser  operational  area 
and  for  furnishing  all  le  qui  red  information  to  control 
tpwer  operators  and  unauthorized  ground *contrbl 
stations  associated  with  the  mission.  The  LRSO  is 
responsible  for  thoroughly  briefing  all  pilots  prior  to 
their  engaging  in  any  mission  within-  the  danger 


area,  the  bnefing  to  include  geography  of  the  area, 
access  and  exit  routes,  limits  of  flight  pattern,  radio 
frequencies  to  be  employed  and  applicable  local 
procedures.  Whenever  practicable,  each  pilot 
•  assigned  to.  a  training  fission  will  make  a  dry  run 
pHbf  to  the  mission  in  order  to  become  acquainted 
with  the  prescribed  ctuii2£Land^the  test  area.  . 

<9)  Do  not  initiate  laser  operation  at  ranges 
where  a  5  mil  buffer  zone  will  not  exist  on  all  sides  of 
the  target  within  the  government  controlled 
property  area.  ^ 

p.  Hangar,  Qarage,  and  Maintenance  Shop 
— Procedures. 

,  il)  All  testing  performed  in  shop  areas  will  be 
strictly^ontrolled  with  barriers  «nd  signs, 

^  (2)  Firing  of  the  laser  in  shop  areas  should  be 
into  a  light- tight  box  expressly  designed  to  contain 
all  of  the  laserjxutput  where  feasible. 

(3)  The  maintenancedfficer  wOTSisure  tliat  the 
number  of  opiating  personnel  on  the  site  for  testing 
does  not  exceed  that  necessary  to  accomplish  the 
task  safely  .and  efficiently.  Transient  personnel  are 
je^ricted  to  those  having  a^  official  interest  in  the 
teat  end  must  be  cleared  by  the  maintenance  officer. 

(4)  Check  tests  requiring  laser  operation  ovef 
an  extended  distance  (i.e.,  100  m  to  1000  m)  may  be 
cbnducted  in  occupied  areas  only  under  strict 
controls  to  insure  that  the  beam  can  only  travel 

j  along  a  tightly  controlled  path  defined  by  a  beam 
r  aperture  located  at  1  m  and  10  m  from  the  laser  (fig 

tl.  Personnel  Protective  Equipment,  a.  Personnel 
whose  occupation  or  assignment  require  exposure  to 
laser  beams  should  be  furnished  through  kKal 
procurement  supply  channels  suitable  laser  safety 
goggles  which  will  protect  for  the  specific 
wavelength  of  the  laser  and  be  of  optical  density 
(O.D.)  adequate  for  the  energy  involved.  Table2  lists 
the  maximum  power,  energy,  irradiance  or  radiant 
exposure  for  which  adequate  protectk)n  is^  afforded 
by  filters  of  optical  densities  from  1  through  8.  Eye 
protection  should  have  curved  lenses  to  reduce 
speQular  reflection  hazards. ^ 
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6?^  Needless  exposure  of  the  skin  of  personnel 
should  be  avoided.  When  the  hands  or  other  parts  of 
the  Jwdy  must  be  exposed  to  potentially  hazardous 
levels,  protective  coverings,  gloves,  or  shields  shall 
be  used.  .The  face  should  be  turned  away  from  the 
target  area.  Laser  welding  and  cutting  facilities 
sbould-have  sufficient  shielding-surrounding_J;he_ 
article  being  welded. 

a:  Impervious,  quick  removal  gloves,  face  shields, 
and  safety  glasses  should  be  provided  as  protection 
for  personnel  who  handle  the  extremely  low  tem- 
perature coolants  which  may  be  used  in  higher 
powered  lasers.  ' 
12.  EeqnevU  for  Technical  Assistance  and  Accident 
Reporting.  The  Surgeon  General,  Department  of  the 
Aiiny,  is  responsible  for  evaluating  potential  health 
hazards  to  personnel  operating,  testing,  or  oUierwise 
associated  with  lasers.  Activities^  ^ould  request 
assistance  in  evaluating  these  hazards  from: 


a  y4ccidertti?«porti>ig.  Accident  reporting  should 
be  in  accordance  with  AR  385-40,  Aapter  11. 

6.  Technical  Assistance.  The  services  of  the  US 
Army  Environmental  Hygiebe- Agency,  Aberdeen 
Proving  Ground,  MD  21010,  a^e  available  upon 
written  request  {through  appropriate  commahd"^ 
„channels)  to  Commander,  US  Army  Health  Services 
Command,  ATTN:  HSC-PA-H,  Ft  Sam  Houston, 
TX  78234. 

c.  Biological  Data.  The  USAMRDC/AMC  Joint 
Laser  Safety  Team,  Ptankfort  Arsenal,  con-  ^ 
ducts  research  and  development  to  obtain  data  on 
the  bio-medical  effects  of  laser  radiation.  Biological 
research  data  required  for  the  safety  evaluation  of 
new  typ^s  of  lasers  is  availjible  to  development 
agencies  upon  written  request  to:  Ghiel, 
USAMRDQ/AMC  Joint  Laser  Safety  Team,  W- 
1000,  Frankfort  Arsenal.  PA  19137>  i 
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APPENDIX  E   '      -  ^ 

WARNING  SIGNS  AND  LABELS  FOiULASERS 

_  i  

The  guixiance^pirovird^  iff  based  up'OfTtli^laseF  claTsTncation" 


2.  GENERAL.    Warning  signs  shall  be  conspicuously  posted  at  access 
points  to  potentially  hazardous  laser  areas  in  accordance  with  local  standing 
operating  procedures  for  Class  III  medium  and  Class  IV  high  powel*  lasers.  / 
A  warning  label  shall  be  prominently  affixed  to  the, laser  or  laser 

system  housing 'for  all  Class  II  low.  Class  III  medium, .and  Class  IV  high 
power  laser  devices.  • 

3.  FORMAT.    Examples  of  various  laser  signs  and  labels  are  shown  in 
figurifcs  1  through  6.    Warning  signs  and  labels  shall  use  the  word  "CAUTION** 
foi^^Class  II  low  power  laser  devices  and  Class  lUA  medium  power  CW  -  - 
visible  lasers  having  a  maximum  emei^gent  beam  irradiance  of  2.5  mW/cm" 
averaged  over  a  7  mm  aperture  and  an  output  power  between  1  and  5  mW. 
Warning  signs  and  labels  shall  use  the* word  "DANGER"  for  Class  HIB  medium 
and  Class  IV  high  power  laser  devices  except  as  noted  abovq.    Warning  signs 
and  labels  si^ould  include  other  pertinent  information  including  the  type 

of  laser  and  appropriate  control  measures  to  insure  personnel  safety. 


FRir 


1, 


633 

712 


t 

 ^—  >      .  <  

•  • 
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> Black   1 
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^3jjl^N         DO  NOT  STARE  -*  

'            DIRECTLY  INTO  BEAM  ^ 

-Black 


^'Black  ^• 
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Figure  1.    Example  of  Warning  £abel  for  a  Cla3S  II'Low  Power  Laser  Device. 
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Figure  Zf   Example  of  Warning  Label  for,  a  Class  lUA 
Medium  Power  Laser  pevice. 
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DANGER 


He— Na  USER 

DO  NOT  LOOK  INTO  BEAM 
OR  POINT  AT  MIRROR-UKE  -* 
SUPFACES 


-Pod 


Black 


Figure  3.    Example  of  Warning  Label  for  Class  lU  B  Medium  or 
Class  IV  Hig'h  Pdwer  LaSer  Devices, 


DANGER 


RUBY  LASER 


DO  NOT  LOOK  INTO  BEAM 
OR  POINT' AT  MIRROR-LIKE 
SURFACES 


Figure  4.    Example  of  Warning  Label  fgr  Class  III  B  Medium  or  Class  IV 
'     Hig'h  PoTwer  Laser  Devices.  '  ' 
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DANGER 


NEODYMIUM 

LASER 

DO  NOT  LOOK  INTO  BEAM 
OR  POINT  AT  MIRROR-UKE 
SURFACES 


Figure  5.    Example  of  Warning  Label  for  Class  HI  B  Medium  or 
Class  IV  High  Power  Laser  Devices.  ■■  -  - 
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Figure  6.    Example  of  Warning  Si^n  for  a  Class  IlI  B  Medium 
or  Class  IV  High  Power  Laser  Devices. 
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DF460,  MICROWAVE  RADIATION  AND  SAFETY' 4?.R0CEDURES- 

MECRCWAVE  RADIATION  AlID  SAFETY '  PROCEDURES  . 
References  and  Discussiorr. 
A;\  References:  ' 

,  1.     AR  ^-583,  Control  of  Potential  Hazards  to  Health  from 
Microwave  Energy,  ' 

-2.      TB  MED  270,  Control  of  Hazar'ds  to  Health  from  Microwave 
Radiation.  .  • 

3.     Course  Manual,  Laser  and  Mlcrov^ve  Hazard,  US  Army  Environ-  \ 
mental  Hygiene  Agency/ APG-ZA  21005.  ,  i  ^ 

B,     Discussion:  .  *  ' 

I,     General.  - 

a.  Electrcmisignetic  radiation  having  a  wavelength,  in  the  micro- 
wave region,  1  meter.-to  1  millimeter,  with  correspond- 
ing frequencies  30-300,000  MHz  {megacycles /second), 

'       "  .  '  \^ 

b.  Biological  effects  are  different  from  ionizing  radiation. 
-Microwave  radiation  ^8  similar  to'  infrared  radiation  in 
^that  it  causes  heatring  of  the  skin  and  underlying  tissue. 
There  is  no  genetic  canyove'r. 

c.  .  Sources, 

Radars,  lasers,  os'  dilators,  microwave  ovens,  and  other 
equipment  emitting  radiation  in  the  microwave  region  of 
the  spectrum. 

*2.     Nature  of  Microwavi^-Radi^tion. 

a.     Existing  radar  systems,  lasers,  oscillators,  e.g.,  klystron 
tube,  microwave  ovens,  utilize  the  portion  of  the  elecrtro- 
magnetic  spectirum  included  within  the  approicimate  frequen- 
cies* of  100-100,000  MHz.    In  its  proper  place  in  the  electro- 
magnetic spectnijn,  the  "microwave"  regioi?  is  located  between 
infrared  (lO^  M'^)  and  VHF  radio  (lO  MHz>- regions. 
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b.     It  is  far  removed  in  frequency  from  the  ionizing,  radiation 
class  of  X,-rays  (lO^^  MHz)  and  gamma  rays  {10^3  MHz)* 
Consequently,  microwave  radiation  has  never  been  observed 
to  cause  ionization  and  is  classified  as  "non-ioni*ing" 
radiation.    ^  ' 

0.     An  important  consideration  i§  the  combined  effects  of  heat- 
ing and  penetratibn  on  a  biological  system  such  as  the 
btanan  body.    Microwave  radiation  produces  electrical  and 
magnetic  forces  and  generates  heat.    The  heat  andfo^es  ^ 
may,  if  sufficiently. intense,  have  profound  effec^^7 
Although  these  effects  can  be  used  to  good  advantage,  they 
are  potentially  dangerous  and  mo&t  be  given  careful  con- 
sideration* 

*  "   ^  • 

•  \  ^  '         <  . 

Biological  Aspects.  .  . 

a.  Microwave  radiation  does,  not  cause  ,ioni2atiion,  but  causes, 
excitation  of  Qtoras  .with  res^ultant  production  of  heat.  The 
depth  of  heating  is  frequency-dependent:    Refer- to  Table  I. 

b.  Biological  experimentation  indicates     -^emperature  rise 
when  heating  is  produced. by  suffipient  absorption  of  micro- 
vave  energy.    The  rate  of  temperature  rise  is  dependent 

\  upon  the  quantity  of  the.  absorbed  radiation^tid  th^  ability  . 
'  *    'Of  the  experimental  animal  to' dissipate  heat.    As  the  animal 
.  reaches  a  point  where  it*  can.  no  longer  compensate  for  and 
dissipate  the  neat  generated,  the  .^nimal  will  die  if 
radiation  is  continued.^    If  the  radiation  ceases  before  t^he 
heat  cOntrol^  mechanism  breaks  down,  the  animal  will  recov.er 
with  no  demonstrable  residual  eff^cts.^^  A  siinilar  sequence 
can  occur  in  man  but  there  is  nq  assurance  that  the  values 
for  animals  wTll  apply  to  man  due  to  the  difference  in  heat 
control  mechanism^.  •       '  ^  / 

c.  Man  has  a  much  more  complex  and  efficient  heat  control 
and  heat  dissipation  mechanism  than  the  experimental'^ 
animal.    Experimentally  when  man  has  been  exposed  to 
100  mW/cm^,  his  temperature  will  actuadly  fall^hij.e  - 

*    there  is  a  definite  rise  in  that  o£  the  anim^d.    Thus,  the 
*  ^'  quantity  of  absorbed  energy  required  to  produce  changes 
in  man  is  probably  higher  than  that  in  animads. 
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Most  ^UBcSptible  Parts  of*»the  Hiiman  Body. 

(1)  Testicle.    A  change  of  a  few  degrees  will  caxise 
cessation  of  sperm  production.    When  radiation  Is 
removed,  the  effect  ceases  and  sperm  production 
is  resumed. 

(2)  Lens  of  the  eye  l^cks  an  efficient  circulating  system, 
thus  it  cannot  dissipate  heat  as  readily-  as  the  re^t  ' 
of  the  body.    If  there  is  enough  cellular  destruction 
of  the  eye  lens,  clouding  (cataracts)  occur. 

TABIE  I 

bigbcSgical  effects  of  microwaves 


Frequently 
(MHz)  ' 

,  Wave  Length 
(cm) 

Site  of  Major 
Tffesue  Eff eots  ■ 

^feJor  Biological 
Effects 

iL^ss  than  15O 

Ab6^  206  " 

• 

Body  is  tr^s  parent 
to  waves  above  200  cm 

150  -  1,200 

200-25 

Internal  body 
organs 

Damage  to ^internal 
organs  from  overheating 

1,000  -.3,300 

30  -  10  , 

Lens  of  the  eyes 

*    -  ^ 
• 

Lens  of  ihe  eye  partic- 
ularly susceptible  and 
^  tissue  heating 

3,300  -  10,000 

10  -  3 

Top  dayei*^  of  the 
skin,  lens  of  the 
eye" 

Skin  heating,  with  the 
sensation  of  warmth 

Above  10,000 

Less  than  '3 

Skin 

Skin  surface  acts  as 
reflector  or  absorber 
with  heating  effects^ 

NOTES  J 


.1.  ,    Biological  effects  listed  above  result  from  .short  massive  or  pro- 
longed repeated  direct  exposure  exceeding  safe  Limits. 

2.     Depth  of  penetration  in'  human  body  = 

10     .  ■ 
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e.     Unexplained  effects,  other  than  thermal^have  been  xepbrted, 

©•g  -  I  ^'pearl-chairv'*  effect  in  body  fluids ,\^nause a  in  man  due 

to  radiation  fields  below  thermal  effects;  however,  these 

effects  have  no  application  to  man  in  the  area  of  microwave 
•  *■  * 
hazard.  » 

4/     Exposure  Criteria. 

a.  Historically >  a  single  death  attributed  to  microwave  has  b^en 
reported.    A  radar  worker  died  from  "cooked  liver";  however,  a 

.  careful  review  of  the^data  raises  ^ome  doubt  whether  the  c|eath/was 
attributable  to  microwave  exposure*    There  is  no  question,  though^ 
that  microwaves  are  capable  of  producing  serious  and  even  fatal 
effects. 

b.  ,  Until  1965-66  both  t'he  military  and  private  industry  have  liniit,ed  the 

exposure,  of  personnel  to  microw^e  radiation  to  power  density 
levels  no  greater  than  10  mW/cm  .    The  maximum  permissible 
'  exposure  level  was  the  same  regardless  of  the  duration  of  the 
'  *        exposure.    The  increasing  power  output  levels  in  newer  microwave 
systems  and  certain  tactical  requirements  of  the  military  iiad 
combined  to  make  this  limit  difficixlt  to  maintain.    Therefore  the 
previous  .accepted  msiximum  permissible  exposure  of  10  mW/cm^ 
for  contiguous  exposure  was  modified  and  new  criteria*  adopted 
which  equates  higher  exposure  levels  with  time  of  exposure.  ^ 
'  •  » 

The  United  States  Army  and  Air  Force  and  the  C-95  committee  of  the 
American  National  Standards  Institute  have  adopted  new  standards 
which  relate  the  ^evel  of  exposure  tp  the  time  duration  of  such  ^ 
exposure'.    The  ANSI  standard  allows  exposures  up  to  1  mW/cm 
for  any  0.  1-hour  period.    The  Army  -  Air  Force^allOws  exposures 
exceeding  10  mW/cm^  to  be  based  on  the  following  equation    •  i 


TP 


6000 

W2  #• 


Where: 


Tp   =  permissible  exposure  time  in  minutes  during  any  i-htjur 
period,  \        ^    '  *  '  : 
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W  =  power  density  in  the  area  to  be  occupied  (mW/cm^).  , 

It  should  be  noted  that  the  ANSI  stctndard  gives  no  upper  limit  as 
to  power  density,  while  the  military  regulations  allow  no  ex^sure 
above  100  mW/crn^.    Areas  where  power  densities  greater  than 
100  mW/cm^  exisi  are  considered  hazardous  and  designated  as 
^denied  occupancy  areas.         ,      .  ^ 

It  is  interesting  to  note  that  USSR  in  I960  reported  the^r 
maximum  permissible  exposure  level  as  0.01  mW/cm  if^ 
exposu?:^^  is  for  an  entire  day.    They  reported  a  number  of 
general  effects  due  to  chronic  exposure:   blowing  of  the 
heart,  hypertension,  superthyroidism,  exhaustion  of  the 
central  nervous  system,  and  others. 


5.  Protection. 


a.     Adequate  planning  and  facility  layout  to  preclude  exposure  to 
more  than  10  mW/cm^.    Whenever  possible,  a  preliminary 
survey  shoul<i  be  made  while  feeding  the  system  with  a  low 
•power  source.    This  will  allow  location  of  concentrated  power 

p       densities.,  If  these  areas  cannot  be  shielded,  suitable  signs 
.  should  be  posted. .      '  y  -  ^ 


b.  Suitable  instruments  to  monitor  levels  of  micro>vave  output. 
^     As  an  expedient,  the  NE-2  neon  tubes  can  be  used.  Neon" 

tube  will  fluoresce  with  power  density  of  approximately 
20  mW/cm^.         '  .... 

c.  Protective  goggles  with<proper  wavelength  protection  and 
with  proper  optical  density.    Protective  eyewear  is  available 
from  several  commercial  sources.  ' 


Protective  clothing  is  used  by  radar  workers  who  work  in 
high  power  R-F  environment.    The  clothing  incorporates  a 
continuous  metallic  material,  which  acts  as  a  reflector  to 
the  microwave.  j  • 
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s»oa  Objectives  and  N6tes. 
ObJectijVes^: 


1.^     Knowledge  of  the  ne^ure  of  Balcrowave  radiation  and  its  soutrces. 

Knowledge  of  microwave  mechanism  of  danage  and  resulting  physio- 
logical effects. 


-3.    ,  Knowledge  of  military  and  civilian  exposure  criteria^ 


4.     Proper  monitoring  for  any  excessive  microwave  radiation  and 
protective  measures  required. 


Notes: 
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RADIATION  PROTECTION 
OFFl'C'ER  CASE  STUDIES 
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DF470,  Radiation  Protection 'Officer  Case  Studie 
!•     Reference:  None 
'  II,      Discussion:  ;None 
III.  .  Handouts:   See  attached  handouts. 
IV».    Problems:  None  / 
^  V.     Solutions;  None  ^ 
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RADIOLOGICAL  PROTECTION  OFFICER  CASE  STUDIES 

GENERAL  SITUATION;      ^/  .  • 

Upon  corppletion  o'i  the  Racfiplogical  Safety  Course  at  Aberdeen  Proving 
Ground,  Maryland,  you  hav$  been  assigned  as  Post  Radiological  Safety 
Officer  at  Camp  Swampy,  Louisiana.    Camp  Swampy  is  ,a  medium  sized 
post  with  a  troop  training  mission.    Assigned  to  the'post  besides  the  training 
commands  are  an  infantry  division  and  various  logistics  and  supply  .units. 

When  you  arrive  at  Camp  Swampy,'  you  meet  with^the  outgoing  RPO, 
MA  J  Goodtimel    You  do  not  get  a  chance  to  talk  in  detail  about  the  Radio- 
logical Safety  Program  on  post  because  MAJ  Goodtime  is  catching  a  plane 
in  1  hour.    He  does  int^^^duce  yOu  to' your  staff  and  sh9ws  you  the  Radio- 
logical Safety  SOP  which  he  was  developing. 

The  next  day,  while  talking  with  your  operations  NCO,  you  discover  that 
MAJ  Goodtime  did  not  push^his  Rafdiological  Safety  Program, 
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'SITUATION  NO  1  ^ 

Mr.  Diddle,  chief  warehouse xlerk  to  the  Po^t  Supply  System,  lias  just 
called  you.    He  has  just  received  a  shipment, of  1,300  compasses^    He  noticed 
a  number  of  broken  and  missing  lenses.    He  has  been  calling  people  all 
morning  about  the  compasses  and  you  are  the  tenth  person  to  whom  he  has 
talked.    So  far,  nobody  has  been  able  to  tell  him  what  to  da.    He  is  relatively 
new  in  his  job,  has  never  handled  radioactive  materials,,  and  knows  nothing 
of  the  safety  procedures  involved.    When  yoy  go  to  the  warehouse  you  notice 
in  the  room  with.the  compasses  is  the  entire  supply  of  photographic  film  for  , 
the  Post  Signal  Center's  photographic  facility.    What  actions  do  you  now  take? 


SITUATION'J^IO  2 

In  January,   1969i  Unit  J  requested  disposition  instructions  iot  three 

radiac  AN/PDR-27(J)  sets  through  supply  channels.  Reply  to  this  request 
waa  for  the  unit  to  turn  in  the  items  to  the  Post  Consolidated  Supply  which 

in  turn  v{^3  to  ship  the  itemjs  to  depot  '  ,    It  is'npw 

Febru^y,  1970^  you  have  been  working  on  the  leak  test  report  tq  submit  to 

CONARC.    You  notice  that  Unit^  ^is  11  months  overdue  on  a  wipe  test 

for  three  of  their  MX  1083  check  sources.    Upon  contacting  the  jinit,  you  find 
that  the  supply  clerk  in  the  unit -thinks  that  the  items  were  turned  in.  As 
RPO,  what  do  you  do,  since  you  stilJL  have  this  source  charged  to  your  in-* 
stallation?  -  .  *  to 


\ 
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SITUATION  NO  3 


You  ha,ve  just  received  a  call  from  the  Post  Consolidated  Supply  and  were 
informed  that  they  had  a''TS-784  radiac  calibrator  sitting  in  their  warehouse- 
They  ksk  you  what  to  do  with  it.    Upon  investigating,  you  /ietermine  that  the 
item  has  been  on  post  fo^  the  past  70  days.    You  also  notic^,that  oi^e  corner 
of  the  cardboard  box  shijgjing  contaifter^is  damaged.  "As  RPO,*  what  do  you 
do  aftout  this  situation? 
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SITUATION  NO  4 


The  chief  of  the  Electronic  Maintenance  division,  Post  Maintenance 
•Directorate,  just  called  you  on  Monday  morning' and  informed  you  that  one 
of  his  employees  had  put  his  film  badge ^next  to  th^  source  of  one  of  the 
TS-784  radiac  calibratori6  on  Friday  at^he  close  of  business  and  that  the 
badge  had  remained  adjacent  to  the  source-  all  weekend.    As  RPO,  what  do 
you  do? 
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SITUATION  NO 


A  temporary  employee  at  the  Post  Central  Storage  Warehouse  was  involved 
in  the  movement  of  a  shipment  of  lensatic  compasses.    When  the  film  badge 
were  develi>ped,  it  was  discovered  that  the  man  received  a  significant  dose 
of  radiation.    The  man,  at  this  time  filed  for  compensation,  because  of  his 
high  dose  exposure.    You  as  RPO  have  been  notified.   What  action  do  you 
take?  ,  . 


SITUATION  NO  6 


You  liave  just  received  a  teiephone  call  from  an  Array  Reserve  jmit  located 
>bout  200  miles  from^your  installation*   T^ey  desire  to  Hot^ovi/  '  ' 

;I5  ANfPlDR-ZT'a  from  you  to  use'in  a  CBR  school,  they  are  conducting. 
They  desire  the  complete  s et/'includihg  the  MX7338  check  source.  What 
do  yovr.-do  as  RPO?  '  ^      *  '  . 
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SITUATION  NQ  7  * 

The  hospital  safety  officer  has'caUed  you  and  requested  instructipns  on 
how  to  procure  a  radium  source  for  the  hospital.   He  also  requests  inforjna 
tion  on' storage  and  handling  of  the  source.   The  hospital  has  never  used 
radium  sources  in  treatment.    What  information  do  you  give? 


•5 
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SITUATION  NO  8 


^^^^  been  on  a  field  training  exercise.    Upon  retiurning  to 

garrison  the  comnio  maintenance  NCO  reported  that  the  MX7338  from  one 
of  his  AN/PDR-27  radiac  sets  was  missing.  ,  A  search  of  the  area  iailed  to 
turn'it  up.    You  have  been  notified., --As  RPO,  what  do  you  do?  .  , 


:  7  a'4 ' 


SITUATION  NO  9 


During  a  wipe  test  of  a  TS-784  radiac  calibrator  by  on6  of  the  Workers 
at  the  Post  Signal  Maintenance  F.acility,  a  cotton  swab  and  about  1  inch 
of  the  stick  were  broken  off  inside  the  source  port.    You  have  been  asked 
to  r6nder  assistance  in  this  matter.    What  action  do  you  take? 
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SITUATION  Nolo  **  ■      "   ,  " 

The  installation  hospital  has  turned  in  to  the  Post  Consolidated  Supply  an 
item  for  disposal.    T^he  item  is  anjadaptometer,  radioactive  plaque  (used  to 
test  night  vision.of  pilots).   Recording  to  TB  750-237,  Identification  and,  , 
•Handling  of  Radioactive  Itemt  in  the' Army  SOtpply  System,,  this  device  .    '  ^ 
contains  4.5  Uc  of  '^^bRa,    fou  determine  that  this  is\  type  n  item.  The. 
item  was  pafckaged  up  and  disposition  instructions  requested  in  accordance 
with  AR  755-15.    You  had  packaged  the  item  as  an  exempt  quantity;  however, 
upon  receiving- the  disposition  instructions,  you  noted  that  APG-EA  specified 
that  the  item  should  be  packaged  in  a  specification  19B  package.'  As  RPO, 
what  action  do  you  take? 


\ 
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SITUATION  NO  1 1 


\  service  school  is  located  on  your  installatioii.   After  a  group  of  students 
departed,  maintenance  personnel  were  cleaiiing  out  student  wall  lockers  and 
an  MX  1083  *check  source  was  found*    The  source  stick  was  broken  in  half^ 
You  have  been  notified  of  this  event. .  As  RPO,  what  action  do  you  take  ?  ' 
What  d^ou  do  if  the  soxirce  is  leaking? 


\ 
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SITUATION  NO  12 


Your  installation  contains  a  research  facility  that  utilizes  radioisotopes  in 
bxilk  quantities.    One  day  you  notice  a  truck^from  a  commercial  Itrucking 

'  '  '         ^  of  4  curies  of'SZsr.   The  truck  has  no  signs  on  ' 
radioactive  material.  ,  The  driver  has  no  special 


firm  delivering  a'  shipment 
it  identifying  it  as  carrying 


action  to  take  in  case  he  ha 


instructions  telling  him  whc't  to  do  in  an  emergency.  .For  example,  what 


3  an  accident.    As  RPO,  what  action  do  you  take? 
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SITUATION  NO  13 


.YOU  received  a  call  ^rom  the  range  officer.   He  states  that  two  hunters  found 
what  looks  like  an  ammunition  igloo  surrounded  by  barbed  wir6  with  cradio-. 
.  active  material  signs  posted  around  it.    Upon  investigating  the  igloo,  you 
find  that  it  was  an  old  storage  area  for  radioactive  material.  In.ide  you  • 
find  numerous  isotopes  which  cannot  be  identified  by  markings  .   The  only 
equipment  available  to  ybu'at  your  installation  is  the  AN/PDR-27.  What 
action  do.you  take?   Your  instaUation  has  multiple  radiation  sources  but  no 
NRC  license  (no  Isotope  Committee).  ,  •  ' 
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SITUATION  NO  14  s- 


One  of  the  tenant  units  on  post,  the  54th  Infantry  Division,  currently  has 
three  TS-784A/PD  radiac  instrument  calibrators;   The  only  individual  in  the 
division  who  is'-qualified  to  sign  for  the  calibrators-  from  Lexington  Army 
Depot-  IS  the  21st  Maintenance  Battalion  assistant  S3,  a  Chemical  Corps 
first  lieutenant.    He  has  just  called.a'nd  informed  you  that  he  is  on  orders  to 
Germany  and  will  be  leaving  post  in  10  days.    The  only  other  person  on  post 
qualified  to  sign  for  the  calibrators  is  yourself.    The  list  Maintenance 
Battalion  is  currently  doing  all  the  calibration  fof  the  entire  post.  What 
actions  do  you  take? 


/ 
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SITUATION  NO  15 

1  -  ■ 


During  your  annual  physical  yesterday  you  had  a  cfhest  X-ray  at  the  post 
hospital.    You  noticed  the  X-ray  room  did  not  look  quite  right  and  upon 
closer  inspection  and  comparison  with  TB  Med  62,  you  determined  that  it 
did  not  meet  the  necessary  safety  requirements.    You  immediately  went  to 
see  the  hospital  radiologist  who  refused  even  to  discuss  th^fe  X-ray  facilities 
with  you.    You  then  went  to  the  hospital  commander.    He  said  he  did  not 
agree  with  you,  that  in  his  opinion  the  X-ray  room  was  perfectly  safe.  He 
could  not  even  remember  ever  seeing  a  copy  of  TB  Med  62.    He  said  there 
was  too  much  of  a  demand  for  the  X-ray  machine  for  him  to  even  consider  • 
shutting  it  down.    With  that  statement',  he  decided  the  conversation  was  over 
and  you  left  his  office.    What  actions  ,do  you  take? 
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SITUATION  NO  16  •  •  " 

SGT  Williams  from  the  Post  Signal  Cftnter  has  just'c^Ued  you  regarding 
radioactive  electron  tubes.    Up  to  now.  the  signal  personnel  have  simply  -  ' 
been  throwing  bUrned-out  tubes  in  with  ordinary  trash.    This  morning  a 
newcomer  to  the  Signal  Center  mentioned  that  he  had  been  told  in  maintenance 
school  that  all  radioactive  material  had  to.be  disposed  of  separately.  SGT 
Williams  talked  to  the  Post  Signal  Officer  who  told  him  to  caU  you  for  advice. 
What  actions  do  you  take?  ' 


\ 
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SITUATION  NO  IT  '  ♦  '      .  - 

The  post  safety  cjirector  read  an  article  in  a  newspaper  about  a  watch  - 
^  repair *facility;in  one  of  the'  major  cities  being  contan^inated  with  radioactive 
material.   He  requested  that  ytiu  make  a  survey  of  the  post  watch  repair 
facility  to  be  sure  it  was  not  contaminated.    Upon  performing  your  survey, 
you  found  that  the  shop  was  indeed^contaminated.    All  the  drop  cloths,  table 
•  tops;  floors^* and  storage  cabinets  were  heavily  contaminated  with  radium ^ 
whithKad  been  deposited  from  watches  over  the  years.   As  RPO,  what  action 
do  you  take?      *  '  -  i 
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SITUATION  NO  18 


You  have  just'received  a  caU  from  the  .Civiiian  Personnel  Office  on  your 
instaUation  and  wer-e  told  that  a  DAC  employee  hid  filed  a  suite  for  damages 
against  the  Government.   The  DAC  claims  that  he  has  akin  sores  and  lesions 
on  his  hands  and  fingers- cause^by  radiation  exposure  he  obtained  while 
working  as  a  member  of  the  Electronics  Branch.  Post  Maintenance 
'Directorate.  .Your  installation  now  hblds  two  NRC  licenses  and  an  ionizing 
radiati<?n  control  committee  has  been  fotmed.    As  RPO.  what  do  you  do? 


SITUATION  NO  19 


You  have  just  received  a  call  from  the  Post  Safety  Director's' office.  The 
mes^sage  was  that  the  post  property  book  officer,  a  civilian,  'while 
inventorying  the  items  in  his  property  book,  had  found  a  mctascopc  locked 
in  a  safe  m  one  of  his  warehouses.    The  device  had  a  radiation  symbol  on 
and  the  isotope  was  ^Osr.   Quantity  was  not  marked;  however,  the  date  of 
man\ifacture  was  m'arked  as  1945  and  a  leak  test  label  had  a  date  of  1955 
on  it.   As  RPO,  what  action  do  you  take? 
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SITUATION  no  20 


Om  day  while  visiting  the  Post  Signal  .Calibration  Facility,  you  observed 
19  AN/PDR-27*s  setting  on  a  table  in  the  shop  waiting  for  calibration.  Yai 
also  noticed  that  many  of  the  radiac  sets  did  hot  have  the  MX7338  check 
sources  attached  to  the  sets' carrying  cases  "ty  a  cord  or  chain.    As  RPO, 
what  action  do  you  take?  "  .  • 
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DF480j  Accelerators 

'    I;    ..References:    Accelerators,  USABC  Division  of  Technical  Informatioa 
.  Pamphlet  *  - 

11^    Lesson  Objectives  and  Notes: 

A.    'Nature  of  operation  of  most  codimon  -types  of  accelerators. 

'  Special  hazards  of  accelerators 

C.  Jurlsaic'tional  agencies  involved  in' accelerator  safety.. 

D.  Publications, governing  accelerator  safety. 
Notes: 
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Notes; 


IZI<:  HibdQuts:  Kone 
IV;;    IitDj>lejBs:   Rone  ' 
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NUCLEAR  ACCIDENT  CONTROL, 
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DF490,  Nuclear  Accident  Control 

Reference: 

Skim  FM  ST  3-155,  Table  1-2. 

Olijectives  and  Notes: 

A.  Control  Responsibility. 

B.  Actions  to  be  taken. 

C.  Special  Teams. 
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TIG. 

TO  PlDICAL/AyTHOKITES 


1  ■  RADIOACTIVE  MRIAL  fM  0E  PRESENT . 

■  '  ^  ■  .  - 

2  ■  USE 'ALL  POSSilE .  CM  TO-  miVM  - 

sPiiAD  OF  commM .  *  .  - 

3  ■  CLEAfr/WM  -VEW  JIMOIiY,- 
•  -DEBfll0EP;]ENT-      BE  ADVISABLE.  ' ' . 


4  ■  MEDICALLY,  PATIEfiT  SHOyLOJMtlLED 
LIKE  AMY  OTHER  CASE. 


DEPT  OF  ARMY 
W^SHIflGTOf}  25,  D.  C. 


.      <d   '  '  751  •  ^" 

.  '  722  • 


III.  Handouts: 

1.    Definitions.  •  '  • 

a.  A  nuclear  accident  is  an  unexpected  event  involving  a  nuclear 
weapon  or  component,  resulting  in  any  of  the  following: 

(l)    Loss  or  serious  damage  to  the  weapon  or*  component. 

By  serious  damage  we  mean  damage  sufficient  to  -render  a  ' 
^    "  nuclear  weapon  or  component  \;nsat§  or'nonoperational  to  • 
'  ^        an  ex.tent  which  requires  m^jor  rework  or  complete  replace- 
.-^"^  ment.  ^  . 

^  "        '        '  (2)    Nuclear  or  non-nuclear  detonation  of. the  weapon. 

(3)    Radioactive  contamination.  •  * 

(k)    Public  Hazard.  1  *  ^ 

A  public  hazard  is  defined  as  a  condition  wherein  there 
'  exists  a  certainty  that  the  civilian  community  will  be 
adversely  affected. 

b.  A  nuclear  incident  is  an  unexpected  event  involving  a  nuclear 
weapon,  training  weapon  or  component  resulting  in  occurrences 
whereby  the  possibility  of  detonation  or  radioactive  contami- 
nation is  increased,  but  which  does  not  constitute  an  accident.^ 
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Radiation  Hazard  Card  Handout 


EMER'GENCY 


THiS  AREA  PROBABLY  CONTAINS  'RAPIOACTIVE 
CONTAMINATION 
Follow  my  directions  to  the  radiation 
control  point  where  you  will  he  given 
further  instructions. 


4^ 


Note: 


-  3"  X  5"  card 
^ White  background 
Red  lettering 


TRAFFIC    CONTROL    IN  S\T  R  U  ID  T  I  6  N  S 


THIS  ACCIDENT  MAY  HAVE  CAUSED  RADIOACTIVE  CONTAJGNA-  ^ 
-   TION  in  thecal  AREA.    YOU  ARE  REQUESTED  TO  DETOUR 
AROUND  THIS  AREA.    IF  YOU  PROCEED 'AT  YOUR  OWN  RISK: 

1.      Keep  all  windows  and  vents  closed, 

'   2.      Proceed  without  stopping. 

3.      Wa^h  .vehicle  thoroujghly  at  first  opportunity. 


\ 

Note: 

r  X       card  ^       -  ^ 
White  background 
Red  lettering 

»« 

IV.    Problems:    None  / 
V.    Solutions:  None 
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DF510,  MANAGEMENT  OF  RADIATION  ACCIDENTS 


^'geference  and  Discu&sloa*   ^  ,^       ■  ^.  *     '    ^  ^       ^  •    ,  - 

A'.     Reference;    None       •        '  ♦    *         ,  -  ,  ^ 

3,     Discussion;  *  '  - 

•    i.  ^  Radiation  Acci^^nt.  -  ' 

The  un^pected  occurrence  in  a  sequence  of.  events  wh}.ch  prod^^z^g^. 
injury,  death/ radiation  exposure,  or  property  ^araage. 


Badia 


inlxp^ 


Incident. 


r 


The  imilpected  release  or  ^ss  of  control  of  radioactive  material 
eith'er  sealed  or  unsealed  Id  the  environment.  -  '  ^  •  .  ^ 


EITVIRONMENT 


Host 

J 

a. 

Conditions  * 

a. 

b. 

Senses 

b. 

c. 

Motor  skills 

c. 

d. 

Psychological 

d. 

e. 

Stresses 

e. 

\:    Host  ^  -      Influenced^  ' 

Age  -  old  and  young 
Illness  and  disease  . 
Aleohol  and  drugs 
Living  conditions 
Training 

'5.     Environmental 'Factors. 

/    a.     Temperature      •    -  • 

b.  *  Humility 

c .  Lighting 

d.  Housekeeping     .  '    .       ,  ,  ^        .  ,     '  . 

e.  Toxic  material  ^  "        -  '  ; 

6.     Agents,  (radioactive  material),  ^ 

Idsntification  of  the  agents  is  essential.  It  will  influence 
all  aspects  of  control  9nd  emergency  situatllns. 

•  7'.     Objectives  of  Incident  Control  Planning,. 

I  ^ 
a.     Prevention  of  the  incident  or  accident.  , 
b!     Minimizing  the  effects  of  6n  incident  or  atftcident.  , 

c.  Controlling  the  incident  or  accident. 

d.  Restoration  measures. 
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8',:;  Incident  Control  Planning. 

a.      Preplanning  in 'facility  design. 
•   b.-  Periodic  review  of  techniques,  equipnent,  and  operations. 


,  c.      Reviev  of  all  new  proposals,  techniques,  and^equipnent.  • 
•  ■        --a.  .-^JTrainiftg  and-  educational  programs  in  all  aspects  of  safety. 

9.    MinimiUng  the  Effects  of  the  Accident --or  Incident.  "  ■ 
'  •   .        ®^      Difesaving  measures. 

*  ■     *  ^      .   ■  -''V 

•    *        *'  "l,-     Squipmentt-for  lifesaving. 
:  -    /    ^'  ^  Maximum  allowable  exposure  for  lifesaving. 

'    ^  .  Ev*ac^ation  plans.  ^ 

c,;^  'Clear-cut  organi«ational' responsibilities 
-^^rjp).^;*;  .^ountertaeasure  to  prevent^  large  scale  contamination  of  the  environment 

AO/*  Controlling  the  Incident  or  Accident.      -       .  / 

a.  Trained  individuals' with  necessary  instruments.  *  • 

b,  'Accessory  equipment.         '    .  '        '  \  \ 

c.  .  Established  communication  system.  ^ 

d,  ;  Up-to-date  list  of  agencies  which -could  provide  assistance.  • 

11'. .  Restoration  Measures .  ,  ^  ^  ■  ' 

decontamination  .teams  and' equipment .        -  ,  ;  *  '  • 

•b*      Disposal  procedures.  ! '  . 

;      ^      c/    Contamination  guidelines.  •  ,  * 

*'/>.*  .  * /      '    "  ,  . 

NOT  A  VU -GRAPH  .  '    ■  , 

.Reports  Required  by  Federal  Law  -  imnrediate,  Z^hour,  30-day.        .  '  ^ 

1/     Loss  or  theft  of  source  1  immediate  to  NRC  Regional  Complice  Ofjftce  ' 
by  telephone  or  telegraph  if  the.  loss  appears  to  the  licensee  that  a 
substantial  hazard  may  result  to  persons  in  unrestricted  ai^eas.      *  ^' 

.  ■  "      ^'     Kni°t: "n/'T'  '^n.  30  days  ^the  initial:  re^rt. 

Division.of  Compliance-,  USAEC,  Wasl^ingtoh,  D.  6> 
r  -^i  vith  a  copy  to  the  Dii^ector  of  the •  appropriatV-NRC  Regiottal 
Compliance  Office.  •^'^  * 


12-  'Report  Information  of  30-day  Follow-up  on  Loss  or  Theft, 

a.  ^l^Deifcription  of  the  licensed  material  involved. 

b.  '  Description  of  the  cizjcxamstances  under  vhich  the  loss  or  theft 

occurred.  -  •      .  .  '         '  ^ 

'  c.     Statem^ij*  of  disposition  or  probable  disposition  of  license^  material 
involVeii. 

d.  Radiation  exposure  to  individuals. 

e.  Recovery  actions. 

.  f.     Preventive  measures  td  eliminate  other  occurrences. 

NOT  A  YU-GRAPH 

Subsequent  to  filing  the  written  report,  the  licensee  shall  report  any  sub- 
stantive additional  information  which  he  may  receive,  within  30  days  after 
he  learns  of  such  information. 

Any  report  filed  for  the  above  listed  reason  shall  be  so  prepared  that  names 
of  individuals  Vho  may  have  received  exposure  to  radiation  are  stated  in  a 
separate  part  of.t^f  report. 

•    *  *  « 

*13.    Immediate  Notification.^  •  '   •  .  -  ^        ^  ^  * 

..a.     Exposure^.  .  '  .  ^ 

(1)  Whole  body  -'25  rems  orjncjpre..     *  V 
'  (2)    Skin  of  whole  body  -  150  rems  or  more. 

'     (3)    Feet,  ankles,  hands  or  forearms  -  375  rems  or  more.  ^ 

b.  Release  of  radioactive  materials.'.  Concentrations 'averaged  ^over^SU 
* -hpurs' which  would  exceed  5000  times  limits  in  App  B,  Table  *II.  * 

c.  ,  Loss  of  one  working  week  of  operating  facility.  .J  - 
d>;  *  Damage  in  excess' of  $100,000.,                   ^  , 

*   '  .     ,         >  '  .       /  '* 

ih.    Twenty-four  Hbvir  Notification.  ' '  ^ 

a.  Exposure.  ,  •     '  ' 

^      (l)    Whole  body  -'5  rems  or  more.  .  .  ^  • 

(2)  -Sk^ri  6f  whole  bodlr  -  15P /ems  or  more. 

(♦3),  'Feet,  anklesy  hands  or  forearm^     75'remat)r  more. 

b.  •  Release  of  radioactive  materials.  '  Concervbrations  averaged  oyer  2h 
*  '      hours  which .woiild  exceed  500, times  limits  in  App  B,  Table  II*. 

,c,  "  Loss  of  orie  d'ey  or  more  of  the  operating  facility.  ^  . 

d.  Damage  tp  ^r^perty  in  excess  of  $1,000.  ^       '  '   "  ' 


15V    'Phirty-day  Report.  ,  ^     *  ,  "        ^    -  '  v;/— ' 

.      •  *  '  '  '   •  • 

a.  Each  exposilre' to  radiation  or  concentrati6n  in, excess  df,  any  limits 
or  license  held^'  '    .  ^.         "    '       '  ^  , 

b.  Any  Incident  for  which  notification  i-s  'r^uired.   ,    .    .  • 

c.  Lev-els  or  concentrations  in  an  unrestricted  ai-ea  in  excess  of  ten 
*  times  aaj^  applicable  limits  set-  forth;         -      .  f 


NOT  A  VU -GRAPH' 


Report  must  contain  -  i  *      .  ' 

a'.  Extent. of  exposure  to  persons  to  radiation* or  radioactive  material, 

,    t,  Iievel&^or  concentrations  of  material  Involved.  *  •   \   ;  ' 

-  '      c.  /Cause  of  the  exposure,  levels,  oi«  concentrations. 

^d/  Corrective ^steps  taken  or  planned  to  ass\^-e  against  a  recurrence.  ' 

^  '  '  '  '  /  • 

NOT  A*VU'-GRAPH    '        '  -      •   .     ,  ; 

If  a.  licensee- must  submit  a  report  on  an  individual  to  radiatiomor  concentra- 
tions of  radioactive  material,  the  licensee  shall  a^so  notifAsuch  individuals 
of  t|ie  nature  and  extent  of  the  .exppsure.  '.The  nptice  shajl  fe  in  writing  and 
shall. contain  the  following  statement f        .  '  '  ■ 

"This  ^report  is  furnished 'to  you  under  the  provisions  of  the  NRC 
regulations  entitle^  IS.tandards  for  Prptection  Against *Radiatibnl   .     *  - 
(10  CFR  Part  20).    You  should  preserve  this  report  foi*  future  -  '  * 

reference . "  *         •  ^  •  ,  '  * 

16.    Army  Regulations  on  Accident/incident  Reporting-;    \    \      '  .    .  i 

a.  ,  AR  385-'^0  ■  .                        f.  •  AR  755-15  ' 

•b.  -AR  385-10.    ■;,           •  ='•         g.  AR  IfO-llf  . 

.     c,     AR  385-l'^-                            '  h.  Afi  700-63  '  ■  •• 

•     'd:  AJ?  55-55          .''  '     -•  ^'     iv  AR  "700.52  .      ^  ■  .  '    "'     '  ■ 

e.    AR  700-61^-,  '  ^   y.'  AR  5o-2^ '       '  ' 

k.      Other  negulationfi  concerning  riil^ase  of  accident  information, "fire  '  , 
•marine  accidents, '  legal  and  otfier  aspects '&r6  :^efereti'ce(i'ln.iB  385-1^0, 


•  »       I  t  * 


II.    Lesson  CXbJectives  and  ?otes. 


A*     Objectives:  .  -      .     "  _  - 

i;     Define  andP  explain  radiation  accidents  and  radiation  incidents 
♦       ,  \      involving  non-veapons  radioactive  material.     *  ^ 

|2.  '  'state  the  causes  of  accidents/incidents  and  explain  each  , of 
these  causes-  as* to  influencing. factors. 

'  -       '     '     '    .<  '  *  .  • 

3.     State  the  guidelines  for  an  emergency  plan.,      !  .        •,'  .  . 

k.      Make  all  accidanV  reports  required  (both^  Federal  aijd  iilitaay) .  . 

5.     As  RPO,  handle  in'  a  safe,  expeditious, -efficient  manner;  any 
"    radiation  accident  vhich  may  'Qocur  a^,  the  RPp's  facility, 

B.  •  Notes:  ^'     ^  •  .         '  ^ 


ft 


III-  HanddutB-: /^ee.  attacfied  handouts *  ; 
IV.  Problems:    Npne  *        '  i 


.    V.    Solutions  t  None-. 
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EXTRACT  FROM  NRC  6PERATING  HANDBOOK  |  * 
STANDARDS  FOR  -RADIATION  PROTEC^ON 

.  III.  GUIDANCE  FDR  EMERGENCY  ESJPQSU^  DURING  RESCUE  AND  RECOVERY  ^TIVTTIES  . 
.A.     Purpose.  ^    *  '  > 

The  emergency  action  guidance ''promulgated^  in  thfs  part  provides  instruc- 
'  tions  and  background  infomation  for  use  in.  determining  appropriate  actions 
concerning  the  rescue  and  recovery  of  persons  and  the  .protection  of  health 
and  property  during  periods  of  emergency.   -  •  '  . 

"B.      General  Gonsideratibns.  .  '*  *        '  •         .  , 

— "  J 

1.  »  The  problem  of  6ontroiling  , exposure  to  radiation  during  rescue  and 
•  recovery,  actions  is,  extremely  complex.    Perforinjn^  rescue  and  re-  ' 

coyery  operations  require  the  exercise  of  prompt  judgment  to  take 
/into  account  multiple  hazards  and  alternate,  methods  of  accomplishment 
Sound  Judgment  and  f le^tibility.  of  kction  are.  crucial  to  the  success 
of  any  type  of^  emergez^cy  ^tions.    Although  ffie  guidikg-' principle  is 
^  /to  Minimize  the  risk  of  injury  to. those  persons /involved  in  the^, 
rescu^  and  recovery  activitids,  the  control  ,or ^radiation  exposures 
should  be  consistent  T^th  the  immediate  objective  of  saving  Jiuman 
^   life,  the  recovery  of  a  deceased  victim,  and/or  protecting  of  health 
and  saving  of  property.*  , 

2.  •  To  preclu(J'e  the  possibility  of  unnecessarily  restricting  action  that 
'   ^  ^may  be  necessary  to  save  lives,  these  l;istructions  do  not  establish 

a  rigid  upper  limit  of  exposure  but, rather  leave  judgment  up  to 
•persons  in  eharg&  of  emergency  moderations  1^o  determine  the  amo\iht  qf 
exposures  that  should  be  permitted; to  perform  the  emerg'ency  mission^  * 

The  official  in  charge  must  careTSHy  examine  any  projoosed  action 
.  involving  further  radiation  exposure  by  }7eighing  the/rlsHs  bf  radia- 
.tion  results,  actual  or  pote^tial,  against  the  benefits  to  be  gained,  - 
Exposure  probability,  .biological  aonsequenoe^  related  to  dose/ and 
the  number  pf  people  involved  are.  the  essential  elements  to  be  evaluated 
in  mal;;lng  a  risk  determination. .  .  •  .  . 

These  instructions  recognize  that  accident  situations  involving  the 
saving  of  lives  will  require  separate  criteria  from  that  of  actions ' 
required  to  I'ecover  deceased  victims  or  ,savi-hg  of  property.    In  the 
latter  Instances,  tHe  amount  ot  exposure  expected , to"  be -received  by 
p^sons  should',  be  controlled  as  much*as  .po^sibte  within  occupational 
limits,  ,  ^-^'V 

*The  determination  as  to  Whether  radiaiion*  dbsdge  ^received  in  emeu-."^ 
gency  actions  will  be  dhargeable  to  the;radiat;lon  exposure  -status  ' 
.of  the  persons  will  be  made  on  an  indlvidual^-basis. 


\'  3. 
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Field  Office  Managers  In  Accordance  with  Subsection  052^-03^ >^ 

1,  Shall  revley  .and  approve  emergency  plans  for  rescue  and  recovery 
operations.  *  •   •  ; 

2.  May  authorize  contractors  to  take  all  appropriate  meJasures  In 
emergency  ^situations. 

3      Normally  shall  not  allow* the  recovery  operation  personnel  to  exceed 

*  the  occupational  exposure  standards  specified  in  part  I  and  annex  I 
of  this  appendix  for  the  re'covery  of  deceased  victims j  however,  in 

.  special  circumstances  may  approve  a  vaiver  of  these  limits. 

D,      Emergency  Situations,. 

Specific  dos^'  criteria  and  judgment  factors  are  set  forth  for^  the  three  ^ 
'     categories  of  risk-benefit  considerations,  i.e.»,  actions  involving  the 

saving  of  human  life,  the  recovery  of  deceased  victims,  and  the  protection  ' 
of  health  and  property.  *  , 

•  * 

.  1.     ^avi.ng  of  Human  Life.  '  ^  . 

•  a      To  preclude  the  possibility  of  \annecessarily  restricting  action 

th^^  may  be  necessary  to  ^ave  lives,  judgment  shaU  be  left  to 
persons  in  charge  of  emergency  operations  to  determine  the  amount 
of" exposures  that  should  be  permitted  to  perform  tHe  emergency  - 
✓  mission*  ^     ;  ^ 

b.  Attempts  to  rescue  victims  of  a  m^lear  incident  should  be 
regarded  in  the  same  context  as  any  other  emergency  sTction 
involving  the  rescue  of  victims,  regardless  of  the  type  of 
hazard  Involved.       '  /    .     *  v 

c.  Where  there  is  reasonable  expectation  that  an  individual  is 
alive  within  the  affected  area,  the  course  of  action  to  be 
pursued  should  be  determ4.ned  by  the  person  onsite  having  the 
emergency  action  reBponsibility.  . 

d      The  amount  of  exposure  for  this  type  of  emergency  action  shall 
.    ;  .  be  determined  by  the  person"  onsite  having  the  emergency  action 

'*     ^  responsibility.    He  should  immediately  evaluate  the  situation 

and  establish  the  exposure  limit  for  th'fe  rescue  mission  accord- 
ingly.   His  judgment  should  be  based  upo^:  •  - 

*  •       "  »  \  ' 

(l)    Ev-aluation  of  the  inherent  risks  by^  considering: 

(a)    The  reliability  of  the  prediction  of  Radiation  injury. 
This  reliability  cannot  .be  any  greater  than  reliability 
•  '  •  of  the  estimation  of  the  dose.    Thei-efore,  considera- 

tion should  be  given  to  limits^  of  error  associated 
with  the  specific  instruments  and  techniques  used  , to 
estimate ''the  dose.  rate.    This  is  especially 'brucial  * 
when  the  estimated  dose  approximates  100  rems  or  more. 
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(bV^The  exposure  expected  in  performing  the  action  shall 
^    be  weighed  in  terms  of  the  effects  of. acute  external 
whole  body  exposure,  and  entry  of  radioactive  mate-  ' 
rial  into  the  body. 

-  (2)  Current  assessment  of  the  degree  and  nature  of ^ the  hazard, 
•  inherent  risk* from  that  hazard  through  appropriate  mecha- 

^  nism  5uch  as  the  use  of  protective  equipment,  remote 

manipulation  equipment,  or*  similar  means. 

e.  In  the  course  of  making  a  decision  to  perform  the  action,  the 
risk  to  rescue  personnel  should  be -weighed  against  the  prob- 

'     ability  of  success  of  the  rescue  action. 

m 

f .  Any  rescue  action  that  may  involve  substantial  persona!  risk 
should  be  performed  by  volunteers,  and  each  emergency  worker 

.  s^ll  be  advised  of  the  known. oi^  estimated  extent  of  such  risk 
/^rior  to  participation. 

Recovery  of  Deceased  Victims.  ^ 

a.  Accident  situations  involving  recovery  of  deceased  victims  re- 
quire criteria  separate  from  those  for  saving  lives.    Since  the 
element  of, time  is  no  longer  a  critical  factor,  the  recovery  of 
deceased  victims  should  t'e  well  plafined,  *The  amount  of  radia- 
tion'exposure  received  by  persons  in  recovery  operations  shall 
be  controlled  within  existing  occupational  exposure  guides. 

b.  -In  those  situations  where  the  bodies  are  located  in  areas  in- 

accessible because  of  high  direct  rad'iation  fields,  and  where 
the  recovery  mission  would  result  Ih  exposure  in  excess  of 
occuj^tional  exposure  standards  contained  in  this  pari;,  special 
^^mt^  recovery  devices  should, bf  used,  tb  retrieve  the  bodies.  ' 

c.  In  spec'ial  circumstances  where  It  is  Impossible  to  recover 
bodies  without  the  entry  of  emergency  workers  into  the  area, 
the  individual  in  charge  of  the  recovery  mission  may  determine 
it  necessary  to  exceed  the  occupational  exposure  standards 
contained  in  this  part'.    The  planned  exposur.es. of  an  individual 
participating  in  the  recovery  should  not -exceed  12  rem  total 
for  the  year  or  5  (n-l8)  whichever  ^is  the  more  limiting, 

\  > 

Protection  of  Health  and  Property.  \  .  ' 

a^.     Where  the  risk  (probability  and  magnitude)  of  the  radlfition 
hazard  either  bears  significantly  ori'the  state  ^f  healtR^of 
people  or  iiiay  result  in  loss,  of  property,  so  that  immediate  • 
remedial  action  is  required^  Tike  following  criteria  should 
■  apply:  -       '  '  . 
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(1)  When  the  person  in  dharg^-of  emergency  action  onsite  deems 
it  essential  to  reduce  a  hazard  potential  to  acceptable 

■  levels  or  to  prevent  a  substaatial  Ipss  of  property,,  a 
planned  exposure  up  to  but  not  to  .exceed  12  rem 'for  the,, 
year  or  5' (NrlS)  whichever  is  more  lliniting'may  be  re-  • 
ceived  ^  individuals ' partitipating  in  the' operation. 

However,  the  person  in  charge  of  emergency  action  at  the 
incident  scene  may  elect  under  special  circumstances  to 
waive  these  limits  and  permit  volunteers  to  receive  an 
exposure  up  to  "but.  not  to  exceed  25  _rem» 

(2)  Where  the  potential^  risk  of  radiation  hazar'd  following 

the  nuclear  incident  is  buch  that  life  vould  be  in  jeopardy, 
or  that  there  would  be  severe,  effects  on  health  of  the 
public  or  loss  of  property  inimical  to  the  public  safety/ 
the  criteria  for  the  saving  of  human  lif-e  shall  apply. 

r  1-     ,        '  . 
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NOTIFICATION^MNVESTIGATION,  AND  REPORTING  OF  '  • 
•  ;    .  INCIDEIfTS  REQUIRING  IMMEDIATE  NOliCE  TO  HEADQUARTERS  '  ' 

I^      CATEGORIES  OF  INCIDENTS  REQUIRING  HEADQUARTERS  ACTION 

*  /  -  ' 

Incidents  involving  any  of  tire  following  circumstances  may  require  prompt 
notice  to'  the  public  and  NRC    Committee  on  Atomic  Energy  and  notice  thereof 
should  be  made  to  He.adquarters  ^s  soon  as  any  -become  known. 

A-  '  Under  NRC  or  Contractor  Operations.  "  * 

J  -  •    • 

»  1.  Radiation. 

^        ,a.      Exposure  of  the  whole  body  of  an  in^Jividual  to  25  rems  or  more 
-  of  radiation,  exposure  of  the  skin  of  the  whole  body  of  an  " 

individual  to  I50  rems  or  more  of  radiation  or  exposure  nf  the 
feet,  ankles,  hands  or  forearms  of  -any  individual  to  375^reras 
or  more  of  radiation;"- 

'  '  ^-      Any  unplanned  release  of  radioactive  material  in  concentrations 

'  *  which,  if  averaged  over  a  period  of  2if -hours,  would  exceed 

5,000  times  the  limits  specified  for  such  materials  in  appendix 
'     ^  052if,  arinex  1;       ;  ^  ' 

c.  Any  release  of  radioactive  material  off site  where  it  is  believed 
any  member  of  the  general  populatiori  may  have  received  an  ex- 
posure greater  than  than  that  set  forth  in  appendix' 052lf,  II; 

d.  Any  accident  in  which  ^n  atomic  or  nuclear  weapon  (under  the 
jurisdiction, of  NRC)  is  involved  and  where  damage  is  inflicted 
to  person^-^r  private  property; ' 

e.  Any  notice  that  an  'individual  has  received  an  Estimated  25  rems 
or  more  of  external  whole  body  radiation  duiiing  a  calendar 
year;  *    -  -  .  ^ 

f.  Any  injury  or  industrial  illness  follpv^ing  cumulative  or  massive 
^  exposure  to  internal  or  external  ionizing  radiation  whi/:h  might 

reasonably  be  expecteii  to  have  caused  the  ^  illness  sor  inj\ary  and 
when  so  diagnosed  by  a  physician  competent  in  nuclear  medicine; 

g.  Allegations  that  persons  previously  mpXoyed  by  NRC  or  its  ' 
\    ,    contl^actors  ^re  disabled  from  ^injuries.. or  diseases  inciirred 

as  a  result  of  radiation  or  6:jCposuf'e  to  toxic  mater.ials  which 
are  p^^uliar  in  kind  or  deg/ee,  to  atomic  eiiergy  operations. 

2.  ^   Injury  or  Death.  *        '  .  '         '         '  * 

a.     Any  f^tal  or  imminently  fatal  inj.ur^  or"  illness  of  industrial 
origin  associated  with  an  NRC  activity  of  an  NRC  or  contractor 
\     '  *  ,        employee  or  'a  member  of  thp  public  in  an  accident  qt  fire; 
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*b.  '  Any  other  injury  or  Indiistrial  illness  of  five  or  more  persons  * 
in  an  NRC  operation; 

c.   -  Allegations  that  persons  previously  eraplojred  by  NRC  or  its'^ 
contractors  died  from  or  were  injured  as  a  result  of  th'^ir. 
duties  in  atomic  energy  operations.         -        '  ^  - 

Loss.  *  -   *         .  .  '  ' 

a.     Estimated  loss  or  damage  to  Government  property  amounting  to 

.$100,000  or  more  or  estimated  costs  of  $100, OQO  required  for  ^ 
cleaning,  renovating,  replacing  or  rehabilitating  structures,^ 
.equipment,  or  property; 

Any  apparent  loss  of  source  or  special  nuclear  material;  when  * 
'such  apparent  loss  ha^  been  referred  to  the  FBI  for  th^ir  in- 
,     /  "       formation  or  investigation.     .  -  •  ^  , 

KOTE:    The  notification,  in  the  matter  in  item  3^        consist 'of  a  copy 

of  the  referral  to  the  Federal  Bureau  of  Investigation,  which  has 
primary  investigative  jurisdiction  of  such  matters. 

c.    >  Any  apparent  loss  or  theft  of  byproduct  source,  or  special 
nuclear  ma^terial;  other  than  that  mentioned,  in  items  3a  or 
3b  above,  in  such  quantities  and  und^r  such  circumstances  that 
it  is  believed  there  may  result  a  substantial  hazard  to  the 
^  health  and  safety  of  individuals. 

B*      Public  Interest.  -  ^  ^ 

*  L.      Any  incident  of  any  kind  which  gives  rise  to  an  Inquiry  by  m^mters 
'         of  the  public  or  press,  providing  that  after  initial  analysis  by  a  , 
field  office,  it  is  considered  of  sufficient  importance  to  notify 
•  Headquarters.  '        !       '  ' 

^2.  /  Any  incident  of  any  kind  which^the  field  office  manager  believes  to  ^ 
^    have  public ^information  significance.- 

3.      Any  offsitQ  accident  involving  vehicles  cairrying  NRC  shipments  of 
radioactive  m*aterial6.  ' 

II. ^  NOTIFICATION  STANDARDS^    '  ,  ^  • 

A       As  soon  &5  sufficient  information  is  obtained  to  Indicate  the  general 

nature  and  extent  of  the  incident,  the  responsible  Headquarters  supervising 
official  shall  be  notified  by  'telephone.  -This  telephone  notification  : 
should  be  made  within  a  matter  of  hours  if  at  all  possible,  even  at 'the  ^ 
•   .expense  of  lack  of  some  of  the  details  of  the  incident.    A  corffirraing  tele- 
type shall  be  sent  as  soon  as-possible  giving  whaWer  details  are 
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available.    This  teletype  shall  include  as  addressees,  the  responsible 
Headquarters  supervising  crfflcial^  appropriate  programmatic  division 
director,  appropriate  programmatic  Assistant  .General  Manager^  the  Divisons 
of  .Inspection,  Operational  Safety  (in  health^.and  safety  piasters)  and 
Public  information*    This  teletype  shall  cover:  [ 

1,  ^    Whether  a  press  release'  ijs  cqntemplated  or  has  been!  issued. 

2.  Whether  all  facts  ar^  known  and  no  investigatipn  is  Required. 

The  reci^^rfent  of  the  original  notice  shall  immediately  notify  the  Divisions 
of  Inspection.  Operational  Safety  (in  health  aqji  safety  mkters)  and  other 


interested  Assistant  General  Managers,  divisions  and  of fides. 
III*.-  INVESTIGATION  STA^fDARDS 
A.  General, 

The  lnvestit;atlon  and  analysis  should  be  conducted  to  obtailn  information 
necessary  to:  V 


B.- 


1 


1.  Determine  nature  and  extent  (including  costs)  of  the  incident.  i 

•    •  •     *  '       -  1 

2.  ^.^^  Determine  the  causes  of  and  responsibility  for  the' incident^,  . 

3.  Determine  corrective  >ction  appropriate  to  minimize  or  preclude 
similar  incidents.  ^ 

* .  *i 

4.  Arrive  at  an  informed  estimate  o/  amounts,  probability^ and  validity 
of  claims  against  the  Government.  ,  ' 

5.  .  Assist  in  the  improvement  of  NRC  policies,  standards,  and  regulations 

and  of  operations  thereunder.  ' "  .  • 


.6. 
7. 


Prepare  a -yritten  report,      •  j- 

Determine  that  appropriate'  corrective  actidA  and  follov-up  are 
accomplished.  '  •         ,  * 


Standards  for  ^election  of .Investigators. 

1,     JJesignated  investigatoi:(s)  (or  teams )*sha^l  be  selected  to  supply 
not^  only  specialized  competence  in  -'the  subject  area  concerned,  but 
also  competence*  in  inxrestigative  and  report  writing  techniques. 

.  2.      NRCT  arfd  contractor  personfiel  employed  in  positions  directly  related 
to  the  operation  or  acfivity  in  which  the  incident  has  occurred' may 
serve  on  an  investigative  committee;  but  shall  not^ constitute, a 
majority  of  the  team  nor  sdr-ve  as  the  only  invesUgator  or  as  head 
^   of  the  investigative  team*  ,  •     t  < 
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3.      NRC  of f  icials  who  initiate  investigations-^hallt  ' 

a.  Appoint  or  approve  investigator (s)  or  those  who  serve  on  the 
investigative  team. 

b.  Designate  a  full-time' Government  employee  to  condu<it  the  in- 
vestigation or  to  head  the  iteam  where  one  is  used. 

ColOgctiOn  of  Data.        '  ; 

\  ,  .     •  <> 

1.  Information  shall  be  obtained  from/ffie  best  source,  i.e.,  those 
persons  involved  in  the  incident^,  ana  those  present  at  the  time  of 
the  incident,  along  with  personal  observation  on  the  part  of  the 
technically  qualified  investigator,  v 

2.  The  following  data  should  be  obljained  where  applicable; 
a.      Concerning *the  facility: 

(1)  Contractor  or  facility  involve^ and  location  of  facility. 

(2)  Area  or  room  where  the  incident  occurred  or  where  the 
missing  material  was  supposed  to  be. 

(3)  Contract  or  other  connection  with  the  NRC. 
(U)  ;  Names  .and  titles  of  persons  involved. 
Concerning  the  incident: 

'  (1)  ,ifype  of  incidentJ^'or  o'ccurrence. 
(2)    D§te,  time,  and  circamstances. 
(     (3)    ^hat  l?r ought  incident  to  attention. 

(U)    Cause  and  responsjjDility  for  incident  or  occurrence/ 

(5)  Description  of  dpmage  and/or  loss^  and  action  being  taken 
•  to*  repair  damage  or' prevenxl  further  damage  and/or>loss.  - 

(6)  Cost;  i.e.,  replacement  cost  of  damaged  items^  or  assigned 
dollar  value  of,  missing  material. 

c.  Concerning  any  injyries:  '  ,  • 
(r)    Extent  of 'injuries.  > 

'  •    •-  .  .  ,    739  •  ; 


(2)  '  Aclion  taken  to  care  for  injuries. 

(3)  Actioni^taken  to  preclude  further  injuries. 

d.  Concerning  the  possibility  of  A  claim  againet  the  Government: 

(1)    What'  possibilities  for  claims  against  the  Goveriment  were 
created  by  the*,  incident  or  loss.    Describe  the  fcsible 
claims. 

'     C^)    What- information  is  available,  to  refute  or  mitigate  the 
claims.  ^  ^     ,         '  ■ 

e.  Concerning  corrective  action:. 

(1)  If  t^he  incident  or  loss  resulted  from  a  failure  to  follow 

,    procedures,  laws/ or  regulations,  what  action  is  warranted 
or  is  beirlg  taken  to  ensure  future  compliance.. 

/  '  ^ 

(2)  If  the  incident  or  loss  resulted  from  lack'^of  or  inadequate 
procedures,  what  action  is  being  taken,  to  correct  the.  * 
deficiency.  ,  \  ' 

Concerning  the  loss  of  source  and  special  nuclear  material  the 
following  additional  information  must  be  obtained: 

*       -  /  '  • 

a.  ^  If  missing  material,  description*  cliemical  and  physical  form, 

quantity,  etc. 

(  "  ' 

b.  Classification  of  missing  material. 

c.  If  missing  material,  relation  of  missing  quantity  to  .total 
batch  or  inventory  from  which  missed.  . 

d.  If  loss  was  not  immediately  noted,  when  and  under  whfiCt  circum-- 
stances  was  it  noted.  '        *  '    ^      .  ^ 

e.  For  missing  material,  when  and  how  is  the  mater i^.last  known 
to  have  been  on  hand,  ^  , 

f .  .What  steps  have  bfeen  or  ,are  being  takerf  to  locate  the^  m*issing 
material.  •  '    '  ;   *  , 

;        V.  ■         .   .  ^ 

g.  What  are  the  possible, mechanisms  J)y  which  the  mat.erial  could 
have  left  the  facility.    For  each  mechanism  what  evidence  exists 
that  this  was  or  was  not  the  loss  mechanism,  and  what  practicable 

■  possibilities  exi^t  for  further  investigatioJi.  . 

t         '  ^  ^  .  , 

h.  What  i^  the  most  probable  loss  mechanism,  based  on  present 
information.  *.    '  *  "  .  ^ 

•,'     '.  \  -740  ,         ,    -  .  • 
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*  In  cases  involving  6ve;:exposxire  to  ioMalng  radiation  the  following 

*  .additional  information  must  be  obtained:  <  •  , 

^.a.     ^Personal  information:  ^       •  *  -  '  .v 

'  •  -tl)    Date  of  birth.  ^'     ^         .  .      •         .h:'  - 

^  (2)    Place  of  birth..  -  - 

(3)^  -  Sex.  rv,  .  .  '  ' 

*  •   'v  •  •  ,  ^ 

(5)  Social  •Security  nmber.  '  *^ 

b.  Occupational  information:  •  ,       "     •  '  /      •  . 

*  .  «  '  V  ^  .  .    .      v-  - ' 

(1)    Name  and  address  of*  employer.        '  /         '       ,  > 

'(2)    Position  -title  of  employee.   ;        '  *      -        '  ^  ^ 

(3)    Area  'of  facility  emplbyed  in  during  periocf  o'f  exposxir^ 

c.  ,  "Radiatiorf  expo^xire  information:  •  -    '  ^ 

(1)    Approximate  dates  for  period  during  which  exposure  was 
accumulated.  '  '  *  * 

I       (2)    Total  estimated  radiation  dose  in  rems.  .  1 — — J  " 

.  (3)    Type"  of  radiation  involved  (e.g. /X-ray,  gamma,  neutron/ 
electrons,  positjrons^  heayy  particles).  , 

-  .  (2i)    Manner  in  which  personnel  radiation  dose  ipeasurem^nts 

wer^  made  (e.g.  /  film  badge, .  dosinieter^  sxurrey^^m'etel^) . 

,  '  .  .    .        *       •        .  *  '  o  ^  '  ;  ;/ 

^   *  (5)    Procedure*^  vTsed  for  cpftver ting  units  pf.meia^urgmen'^  to  REM 
^  ^       \         dose  values  (e.'*g.,  sxirvey  meter  reading  in  r  times*  pEE  of. 

J   for  ,  radiation;  neutron  tracks  per  ,  j| 

square  centimeter  equals  i^sjgi^dose  f  density  of  dtaPont 

<    .       type'  502  film  in  terms  of  r  times  kBE  of  for  

radiation)'.  *-   .  ^  •  '  -   -        /      '         "  ^ 

(6)  Extent  to  which 'the  permissible  accumulated  r^iation  dose 
•  #     .    has  been  exceeded."  \  .  '  .     •  * 

sREPORTING*  STANDARDS         '     .      '    .  -    '  ' 

"lA^estigative  reports  shalj.  be*  written  jbn  two  separate  parts. 

1.      The*  first  part  shair  contain. an  orderly  presentation  of  the  e^-. 

tablished  facts  relati,ve  to  the'  incident.  •  '  \ 


2.  ^Th(5  second  part  sl?all 'contafn  a  clear  statemerit  or  the  'concluslorlB..^/ 
reached  and/oi*  |;he  recommendations  vh'ich  yill'maite' effe^;Lve'!disp6.-  ' 
siliqn  all  ^hhses  of* the  case.  '  The  conclusic^nV  must  be  supported 
by  the  facts  developed,  Eaq^i  re^commendatioa- should  be  stated- so  as., 
to  clearly  identify  the  acti6h(s)  required  to' earir^f  it-'out. '  ' 

'  -  Conclusions  and/or  recpmm^ndations  aii^ill  be  miarked,  "Qfricial^U^eV./  . 
^  Oniy  and  shalf  be  a  separate  memorandum'signed  ^y .  the  .chairf^.  V"  .^V 
t  of  the  committee  or  the  investigator.   •        '^T    ,  '  '   *  ""v^c^^. 

B.      Investigative  reports  are  submitted  initially  to  the:mc,.off  jtMals  W--!- . 
sponsible  for  ordering  the  investigations.   If  the  final  report  cannot;",  :.l 
.  be  sufanltted  within  30  days,  the  Headquarters  sup^visii)^ -pi^iciai' an^^ 
the  Divisj^on  of  Operational  Safety  in  health  and '^saf.e:ty,fflatte:^s':j^ha^^^ 
notified  a6  tcf  the  reason  f9r  the  delay  and  the  anticipat^.^ate  ofy^'ub^ 
Mttal.    A  record  will  be  maintained, of  management  actions' t.^$'ft.jbnj:irir  :  1' 
vestigation  fiadiYigs  and  re*coimendations.  v\>>\. 

Reports  will  only  be  distributed  to  those  listed  in  the' chapter ;:and  216^  . 
further  distribution  of  such  reports  shall  be  made  except  with  perfeils^bn 
of  the  Headquaiters  supervising  "official  in  consultation  with^tfie  .appi'o-. 
priate  programmatic  Assistant  General  Manager,  and/br  apprpprla^e^/pr'o-'J  ' 
'  grammatic division  director.  -      ' '-^ 

v/'  PROCEDURE  TO  BE  FOLLOWED  WHEN  INVESTIGATION  IS  TO  BE  COMlCTED'BY  ^' 
.--    HEADQUARTERS.  '    ^  .  - 

Except  as  otherwise  prescribed  by  the  Commission,  investigations  of •  incii'eat.s 
n^s^  defined  in  section  0703-5)  required  by  the  Commission  or  by.  the. ,Gpneral  'y 
Manager  to  be  conducted  by  Headquarters  will  be  conducted  by/thevpirVc€or.^,\, 
Civi-eion,  of- Inspection^  as  provided  in  this  part  V.-  "  J/-" 

.  -  -  ,  *  '  .  ;'-v''''^. 

A?    'InV^e^tigations  by  the  Director,  Division  of  Inspection.  V 

,   J    In  conducting  investigations,  as  required  by  subsection  O703-O33  d,  the'. 
Director,  Division  of  Inspection  shall:  '  *      "      r;;  '-.'^ 

1.  Direct  the  Assistant  Director  for  Investigations^ Division  of-Ittr-.^. 

^  spe^ion,  to  collect  and  report  to  him  on  ail  facts  coo.cefnljig  the  V.V^ 
'      ^        incj.dent  in.  accordance  with  the  standards^ set  forth!  In  part  IH^    '  ^ ''^* 
*  •    •      ^  /  '  -   '  .  " 

2.  '  In  addition,  when"  appropriate,  designate  one  or  more  technical  experts 

to  collect,  evaluate,  and  report  to^him  on  relevant  technical' data'.  . 
Such  designated  persons  shall:       -       -       ^^/v^-'^  .  .  ; 

'■^ :  > " .       •        \.  •      •  - 

a.      Take  immediate  action  to  collect  technical  jiat'a'that  wWld  not  " 
'i      .  .  "be  availab]^e  in  case  of  .delay -sucl^  as  information  conc'ertiing  -  ' 

decaying  short  half-life  material'.  -    -     >.'  •  '/  /  ' 


-^jo^  •  ^.-^^^  'arr.as^teeht5^^^^  or.ithep;  facilities  •*i^eej^'3;/,to.,',  . 

V;*  ai;a^^'5'$  't^qnical  tiata*  ili'di  haV  "befen"  coirecjted*.     ,  \-      .l-,./-  .^j 

'        •<5V'f'!^^^^-?^i'^^^*  coordinate' the^sa'g^f^^  t}ae  ^ 

.  . .  '  '    .  .  .  ,.1  .Ag§iftairt^  iMxeQtor-  ?or  "inyestlgations  .assigned;  tp-  ^he.'ihcj.den-tj  ^ 

\,  *  3. Xn^  niatters  reflating  to  Incite nts^iia  .pperations^  under  .the  Jur^sdic-  . , 
I*  •    '-k' ' op,  a  Pield  Off  i^ce  .Idanager ' '  '         .  ' :  v       '         ■  •* 

!     "  .  *  A  •  ^h^P^^.  1^^^  cooperation  ;Qf .  ^he.  Pleld  'Offics-.t  Mana^iBTj  ,-cc«i^rpl  I 

K access;  to  the^.site  af  the"/ incident' l3y  exciud'i^  ari'.'persoha,. 

i.  ^  '^^  \^        except ,  those  whDSl^  j>re^        is^  Bas,0*n:tial  tQ^'lttvest'igative*"  ' 
-         '  '  ^  ac.tiyi'ties''or- torVec'ifessary^  ^  ;  ^•        •  • 


•  'Assure ' tha.t  t|ie  islrestigation-w^Si  ^P"*^  l:fiter:f6i'^  v^th  emei:* 

'  /ti'  "  ;  gincy  opeVatioiiS"  of  tte..  Field  djfi.^^^ 

V >^;j%e^nglden^    ;  V;/-.^^         '      "^^^      ■;'   »     l'-  / 

i^NC'.'-    ,Secur:e  a^injtstta^ti^v^  and  otfier.  support  f roia  tSe  Field  Offic^ 
••'H;'- 'I'kan^  ■**i/-l:v: '     '-'-'^     '    •  ^ 

'         ^U'/  Assure,  tha?Vt3ie/FieH  Of^fi^^  i§-^npt'Arelieveii  of  *  any 

....  [-./.^     \  of .  his.  dperaiiona;l  T^espons^bi'lft^^  representa- 
.  .  'Iv.  tiv^s;  of  -the  MvislOn^pf  Inspection  or: "of  a  Board, of  Investi- 
*7*f''f-,,       •  "^'•gat'i6'zi'':(see  B' ibelov)  .V' ^  -  '  -.V     '  ^  » 

I.  --.Iji  patters,  relating  to  lncid;ents..in -Ifq^nse^  bp^rations,  assure  ^hat 
.  tjheOiji^esiig^tfipri  acti:^/ity  wilX  "be  conducted  in  .accordance  with  the 

.  '  \  direction  of  .the  CommijSsioihL.infi  in  Wch"  ajii^^  will  not  interfere 

-V-'W  /'.Vi^h  '^^^  x^esponsifeilities  of >'ti^'e;J?if ejij^c^  ^'Hegulation. 

l.'5V.''  •Upon,.cauFiieJiorf'of  't^^    investigAti6n;r>u.hmit  ;a  detailed,  factual 
^~  /r./  >  repoVt>^0' -v^e  feciTimisMgn  through  the,  General  Mfiinager  or  the  Dir6cto-: 
'  ^*  /  "  /  of  Reguiat'ion,r.M'  appropriate.-  ^Th^e  report  _sjiall  be  in  the/fonn  pre- 
•    ;'scri"bed  by' part  JV>'A.,1>  .Th6  report  sbail^  not  "contain  conclusions  as 
t;q  legal  mat^^rs,  .'sdch  as,,  hegligen'c^^  or  questions. of  liability  on  the 
.part  of  persons  ,p;r  brgani^ations 'involved.    Questions  as  to  the  legal 
;  impiiC:at.ions  of  ^conclusions'  iii  tlie  report  shall  as  appropriate,  be  '  - 

.^.'^         r^ferred/"tor/.the  Office  cf,.th^>Geperal  Coiin^el  for  advice.', 

' . Boards-'  of ''InvQstiga€i6fi.r, "  ,  '  • 

'    i.    -'if  tiije  Director,' 'Qlvisioh,' of  Inspection,  believes  tliat  his'  investi- 
gation .of  $n^*  incident  ' should  be*  gupplemented  by  tlie  expert  \ppin'ion 
\,  '  '       and'  adYljce  of 'a  Board*  of 'Investigation,  the  Directors-Division  of  ^ 
.    ..  ;  Inspection,  will  ,Qpn&^it,ute  such. a  Board,  with  advice  from  the 
'l&iTec tor  df.  Regulation       regulatory  matter;^  and  the  Director., 
\-      "Division*  o^' Operational  Safety,  in  matters  under  the  .jurisdiction 
o'f 'the  G^h*eral  Manager..  •  ^        *  ■  ^ 
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'2...  -The  Director,  Division  of  Inspection, , shall  request* the  General' 

Couasel  .t9  appoint  a  Counsel  to  the  BoarS  of  Investigation  ^ho  shall 
attend^the- meetings' ot  the  Bdaixi  and;,advise  and  assist  it^       -  * 

3. ^    The  members  of  the  ^Board  shall  be  selected  frora^highiy  qualified  - 
1    '  .  expeijts  in^  tfte  field  of!  the  incident  \mder  inv/stigatlorf  who^  ai'e*     *  * 
employees  of  the'^  N^Cor'        cbntract6rs  and  shall  be  composed  as  ' 
'  follows:  .•  X  '  ^       ,         '  . .  / 

-    '  a.^     There  shall  be,  no  less  \han  threfe  nor  more  than  five  m&bers. 

*.  :;b»  ,   One  or  siore  members  shall  l>e  NRC  employees^  ana-  a  full  time  IJRC 
.*    .  '  .      .  employee  shall  be  ^jJpointed-Chairmafi.of*thiB  Board  of/Investi- 
".-7   ;  -    -  featibn.      '  ^  '  •  '*      /  *  ^  > 

'  \''^  :  -    ^     '         '  '     f  '     '  •  > 

U;-,   The  Director,  division  of  Inspection,  "and'Man^er        Field  Of>fice, 

through  the  5irectar,» Division  of  Inspection,  ste§ll  assure  that  the  ^ 
^  .    ..Board  of -InyeBtigation  reqeivas,  all  relevant  inf orjnat ion* done ernin^ 

6t  resulting' from*'.the  iaves'tigative  ^ffqrts  of  "Headquarters'  arid  Yield 
^  ^  **>*OTffice  ^t^ff ,'/re6peotively/Vitb  respect  to. trie  partic\ilai'  inc4.decLt  ' 
'        Wer  irfvestigation  *  "  '   .'^  ^  '  -     '  v.  ^  ^ 

5^.    "T^ie^Board-. of  Investigation  mSy  question  witnesses  ^and.  examine  docu- 
,  merits^ .  equlfitterit,  taclJLi'tieiS,  and'^sites'  reievarlt  l^cthe  Incidents 

:  '  ^    '''  '' ,    '     *     .         /   '^^^      ^    ^  ^ 

6.  lf->  after  ;r$vievinj^''  ail  informatioa  furnished  an^'jaakint^  such  in- 

*     qx^iries  .a^-' it  de'e^ms  "ifece&sary ,  th^  *Board.  of  Investigation  determines 
'    •    that  ad^iitlonal  infoWatiori,!,^  needed,  ,  the  Director,  Division"  of' 

Inspecition,  will  be  rjfequ^st^a  to  Gbtain  and  furnish  such  information.^* 

7.  ..After  ccmpitetlng*  itig  review 'and,  prior  ,"5o,\preparatt  its  writ£ert„' 

report}  the  Boar4  of  Investigation, shalll'cbn        with, the  Director/. 
DivisJLon  of  Inspection/ 'concerning  thfe'^ result^, of  its  investigation 


to  det^rml^ne^  if  any  .^further,  investigation  iiy  the  Board  ia,  necessar^*- 
or  .destrable.  '  -  '  -  •  ,\     r -         **  '  ' 


Thereafter ,  if  it  appears  .th?it  no,  further  review^^Jfr  iactibn^jr  the.  .  ^, 
BcTard  pf  Investigation  i^' rieceasary  or  appropriable,,  the'Boar/dt.aball'^'' 
prepare  a  detailed/  factual  report  to  the  Director,  Divi8i*on^)f  '  ^ 
Inspection,  sett  ing' forth  1^he  results  *  of  \ts"^  The'  ' 

report  shgll  be"  in  the  form  p^^e scribed  by^part  IV. A.    I^  ^shalQ.  not  *  < 
contain  conclusions  as  to  legal  m^itters,  such  as' negligence  or,,*  * 
questions  'of  liability  oh  the  part,  of  persons  or  organisations'  in- 
volved. .  It  shall  )De  referred  to  Counsel  to  the' BoSTd'^'f or  review  and* 
advice  as  to  legal  impllcationa  prior  to  submission  to  t'he  Director j 
Di-yision  of  Insgection.  '  .  -  f. 


.vParagripb  12/"'" 
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/  Acciidtent/'Incident  Contrbl'and  R'fepM'tinc*  .  '  ^  * 

\'-a.^.-.\j'ransportati6ns.   Transportation  as-' nxsed  ia  this  regxxlation  with  .  , 
respect  to.  acoident/ incident  reporting  will  include  ail  events  for  the  period 
t:x£  time  irom  the  acceptdnce  of  the  itenvfor  shipzn.enf  until  delivery  to  and 
acceptcLnce  by  the.  cdn^ignee. »  For-infojrmatio.n  in  connection  with  accident/  ^ 
incident  reporting,  s'ee  AR  385-40\  /  Reporting  of  packaging  and  handling 
deficiencijBs^are  prescribed  in  AR  7jO0^58/f.- 

'  * ' .    *  '    -         ;        •     ■  ;  '  *  «  '         .    '  '     '  I 

b.    .Action  to  be.  taken  in^jcas'e  of  .an  accident  involvine  radioactive  or 
^  fiasilem^Lt^  rials  (App  C):   Th^  senior  p'e±itpn  present  will  "      .  ,  . 

,  (1)    If  radioactiv-e  nrateriafs  ^r.e, exposed  ot  if  ^contanninatibn  is. 
,   -'spspecjild  tb^exist ,  establish  an  ex^clusi<>h  af  ea  to  prevent  the  general  public 
from  ^'xppau're.  to.  radiation  or.  contamination.  .Accept  local  assistajice  if  re- 
gi^ired^.  .The  e^clusioh  area,  will' ie.  nalintairied  uritil  the*appjropriate  radib- 
..Ipglc'al  te^m  cextififes  that  the' dang ejrvf^  past.  .        '  o  •      :  -  ' 

♦  .  Take  such  other  emergency  action  ah  thi  situation  required  . 
^{«re;S^Ve  9{>'eratiQi^^^  i     ,  '    *       !  *  ' 

*  .  {^)^  Notify  the  nearest  niilitary  installation  and  request  imnacediate 
-  aW^^r^tance,  giving' pertinentr information  as  follows:  *    .  \  ^ 

-   •      ^  ' '  J    (^)^.  Location  and  nature^ of  accident. «  ^         *  •        *    '  ^ 

'Cb)    Emergency*  procedures  initiated.  ^      '  ♦  ' 

^  /  .  (c)    Type  mateiialsanvolved  and  help  required.*        ,  ^   •     •     «  , 

j       (d)    A  r-equest  ^that  shipping  installation  be  notiffed'at  earliest 
possible  tiine.  T     •      .       ^    <        y     '  ' 

►     *  *  *  ' 

(4)    Notify  the  Deputy  thief  of  Staff  for* Logistics,  AT?TN:   LOG/  ; 
TR-TEB,  Department  of  the  Army,  during  normal  duty  hours  and  the  DSLOG  " 
Duty  Officer  at  all  other  times,  giving  such  details  as  are  available. 
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'  (5)    Prepare  an  on-tHe-scene  report,  which  will  detail  all  pertinent 
factors  contributing  to  the  accident  and  the  emergency  measures  initiated  to 
protect  personnel  ani property.    Thi^  report  will  be  sxTbmitted  within  24  hours 
to  the  safety  qflice  of  the  shipping  installation,  with  copies  ,to*  tjie  Deputy^  * 
Chief  of  Staff  for  Lo^gistics  ,  ATTN;  l6<j/TR-TEB,  Department  of  the  Army, 
Washington/  D.C.  20^10,  jand  to  the  safety* o£ticer  of  the  ^fmy  installatioa* 
providing  assistance.   If  military  vehicles  are  involved,  this  iregort  will  be 
'made  in  addition ^o  the  reports  rjsquired  by  AR  385-40.  \  ^ 

' ,       —  *  J 

c.     Action  to  be  taken  in  case  of  an.  incident  involving  rad,ioactiVe'' 

or  fissile  material's  (App  C).    The  senior  perapn  present  will  - 

' .  .  \        *    '  ^     '  * 

fl)    Take  the  necessary  precautionary  measures  to  protect  personnel 
and  property  andJto  prevent  development  of, the  incident  into  accident. 

(2)  *   Notify  the  nearest  military  installation  to  request  assistance  if 
required.      '  '  \  .        *        ;      *  * 

(3)  NotifyJbhe  shipping  i^i  stall  at  ion  and  request  instructions  Jto 
-safely  complete  missioix.  ,  ^  *  •  .    .        .  . 

(4)  Prepare  an'  on-the-scene  report  which  will  46tail  the  ii>cident 
emergency  measures  taken,  and  assistance^Xi^quesfed' and  rendered  to 

'  reduce  the  incident.        "  "      ,      ,  < 

^    (5)    Report  incidents  to  the  safety  .director  of  the  shipping,  in- 
stallation Within  24  hpurs  of  the  event/  The  safety  o^ficei:  will  submit' ' 
yritten  report  within  5  dkys  lo  the  Peputy  Chief  of  Stg^ff  for.^gistics , 
'ATTN:  LOG/XR-TEB,  Department  of  the  Army,  Washingto^,^      C.  -20310, 
and  to  such  otfter 'comnnand  levels  as  .required.    This. written  re|)Ort  will 
detail  the  incident  emergency  actions  taken  and  the  Js^sistance  requested  and 

rendered  to  r^educe  the  incident.    -  . !  %       *  , 

/  V      •  '     '         '  ^  :  • 

•  •  d.  *  Rei^orts  indicated  in  b  and  c  above  will  nOt  be  giv^n  to  local  police 
officers  or  to  representative's  of  the  press.  .  The  senior  man  present  will 
.^make.  such  answers  to  the  l6cai  police  as  are-  required  by  law  to  complete ^  . 
th^ir'repqrt  but  will  not  discuss  the  natur*e  of  the  lading  except  to  indicate  " 
the  need  for  the  required  safety  measures  taken.  •  o  '     *      •  ,4 

e.     Relations  with  the  press  and  release  of  information  to  the  public 
concerning  nuclear  acci^gnts  and  incidents  will  be  governed  by  the  provisions 
.t>/ AR  360-43.  "  '  %• 
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'   ^     .  ;  '  /   '  SAFETY  .      ■  .        :    '  *  >  • 

1.  Definitions.  "Alpha,  REMT,  and  RADCON  Teams  are  defined  in  ARSO-S. 

2.  Genereii^    Nucle^ar  and, radioactive  materials,  if  involved  in  a  trans- 
portation accidenf7~may'have  the  packaging  so  daniaged  as  to  cause  the 
contamination  of  an  area  and  become  a  personnel  h^z:ax4i»   Ift^ase  of  a 
serious  accident  involving  nuplear  or  radioactive  materials,  the  ranking 
person  (guard,  courier,  escort,  or  transportation  per ^onnel)  ^accompanying 
the  shipment  will  ^ake  immediate  steps  to  clear  the  area  and  request 
assistance.  •    ^       ^    -  ,  - 

3.  Action  at.  site 

a.     The  responsible  person  at  the  scene,  after  taking  the  necessary 
emergency  action  required  to  protect  personnel  and  property,  .will  report  by 
telephone  to  th^  nearest  military  or  NRC  installation  andt  if  needed,  he  will 
request^^aid.    He  will  also  request  that  tjie  Army  area  be  notified,  .there 
is  no  nearby  military  or  NRC  installation  from  which  help  can       secured,'  a 
telephone  report" and  request  for^aid  will  be  made  to  th^  headquarters  Of  the  : 
Army  areaf  in  which  thfe  accident/incident  occurred.    Appropriate  telephone 
ngm'bers  to  call  for  assistance  will  be  included  in  the  written  instructions 
^provided  the  dOrivei*  or  escort  commander  *  .  -     t  .  ^  , 

b»     Local  police  authorities  may  be  called  upon  to  assislE  in  the  control 
of  the  area  and  to  exclude  the  public  to- prevent  possible  radiation  exposures, 
until  authorized  Army  control. can  be  established-*  ,  4- 

-    c.     In  the  event  the  'shipment  is  unescorted,  the  driver  or  conductor 
wilJL  be  instructed  to  obtain  assistance  at  the  scene  to  maintain  exclusion  ^ 
of  the  area  until  such  time  as  other  assistance  is  available.    In  event  of 
a  fire,  'contact  local  fire  department •  '  i 

4»     Interagency  radiological  assistance. * 

a.  The  Federal  Interagency  Radiological  Assistance  Plans^  the  principal 
proponents  of  which  are  the  Department  of  Defense  and  the  r^UClear  Regula- 
tory Commission,  provides  the  procedures  and  the  resources  for  the 
expeditious  supply  6f  effective  radiological  assistance  to  anyone  requesting 
ij^in  case  of  a  radiological  accident/ incident.    This  plan  is  administered 

for, the  military  services  through  the  Joint^uclear  Accident  Coordinating 
Centex/tJNACC)  located  a£  Sandia  Base,  Albuqu62jque,  New  Mexico. 

b.  Any  military  or  NRC  installation  receiving  a  request  for  radiological 
aid  will  contact,  in  accordance  with  existing  plan,  the  appropriate  higher 

, headquarters  to  initiate  action  under  the  JNACC  procedures. 
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c.      In  the  event  several  individuals  have  become  contarninated  or  the 
contamination  on  an  individual  is  not  localized  to  a  small  portion  of  the 
body,  the  following  decontamination  procedure  will  be  used:  ^ 

(1)  Place  individual  under  a  tepid  shower. 

(2)  U^ing  a  mild  toilet  soap;  individual  will  cover  entire  body 
with  lather.  "  '  *      .  * 


(3)  >  While  still  covered  with  lathejp,  individual  ^ill  step  out  of 


snower. 


(if)    An  assistant  will  sprinkle  a  heavy  coat  of  mild  .soapflakes  all 
^over  lathered  individual.    (Purpose  of  lather  is  to  cause  soapflakes  to  adhere 
to  person. ) 

(5)  Using  his  h^f^s,  the  contaminated  individual  will  rub*  the*'' 
soapflakes  on-'his  body  into  a  paste.' 

(6)  Individual  will  then  return  to  shower  and  attempt  to  rinse 
soap- off  of  his  person  by  starting  at  the  top  and  wc|rking  hi5  way  down. 

NOTE:    IV  will  be  necessary  fOr  individual  to  rub  body  surfaces  with  his 
h<ands  while  rinsing  in  order  to  remove  soap,  paste.    So^p  paste  will  remain' 
on  those  areas  which  have  not  been  thoroughly  washed.    Although  a  so^t^"  cloth  ^ 
may  "be  used/ a  brush  may  not.    Particular  attention  should  be  gi^en  hairy 
po;'ti9ns  of  the  body.      '  .  •    "  '  ^  

(7)  When  the  individual  has  rinsed  himself  to  the  point  that*jjie  no 
longer  feels  slimy  and  while  still  under  shower,  he  will  be  examined  by  an 
assistant  for  t^^ces  of  soap.    The  presence  of  soap  will  indicate  which  arenas 
of '  the  body  have  not  bieen^ decontaminated. 

_  •  '  / 

(8)  After,  removing  all  traces  of  soap,  individual  wilj^^ave  the 
shower  and  dry  himself.     ^  .     '      "  - 

(9)  After  drying  off,  individual  will  be  monitored.    If  individual 
is  still  generally  contaminated,  procedures  will  be  repeated. 

■f 
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~  APPENDIX  B    .  • 

*  i 
EMERGENCY  PROCEDURES  '       •  ,  . 

TO  FOLV?^  vitf  acc,:^snt/incident  situations 

1.      Probable  emergencies.       radiological  ^emergency  is  any  unplanned  event 
whi<^h  could  adversely  affect, -the  saf4v movement  of  radioactive  materials.  A^ 
severe  emergency  could  result  from  collision;  fire,  explosion,  or  loss  of 
control,  e.g.,  theft^  spillage,  leakage,  and  misplacement  of  the  cargo.  Over^ 
exposure,  and  contaminat^n  of  personnel  and  property  could  be  the  end  result. 

eral  guidance.    The  prime  objective  of  emergency  acti.on  is  , the  pro- 
tec  tic^n  of  personne3^  from  the  hazards  of,  radiation  and  contamination.  Second 
consideration  should  be  the  confinement  of  the  contamination  to  the  local 
area  of  the  .accident.    Althouj^h  no  set  of  rules  are  available  to  handle  every 
conceivable  incident,  the  proper, adaptation  of  the  more  specific  guidance 
furnished  below  will  minimize "the  danger  to^ personnel  and  property.    In  the 
event  there  is  reason  to  believe  that  personnel  may  have  been  contaminated 
and/or  overe:;posed,  efforts  will  be  directed  toward  locating  those  persons 
^o  that -an/  necessary  decontararination  and  medical  assistance  may  be  furnished. 
It  may  be  necessary  to  obtain  the  aid  of <local  authorities  td  locate  person- 
nel along  the  shipping  route  ^ho  may  have  been  contaminated  or  overexposed.  ' 

3.      Emergencies  involving  collision,  fire,  explosion,  leakage,  or  spills.  » 

j  a.      Danger.    Personnel  overexposure  cpuld  result  from  increased  dose 
rate^.    Contamination  of  property  and  equipment  could  occur.  "  ' 

*  b.      Immediate  action.  «• 

(1)  "  Minimize  emergency,  if  possible.    Extinguish' fire  with  dry- 
chemical  fi!be  e'xtingui^her.  *  <  — ^ 

i 

(2)  Utilize'  on-site  assistance  in  order  -to:  * 

'    .  ,  .      *       f     <  X    ^' ^ 

(a)  .   Establish  exclusion  area.    Increase  distances  showh^  on 
DD  Form  836  to  keep  personnel  olit  of  smoke,  •  leakage,  spillage  x)r  mists.  - 

(b)  Render  first  aid.    Inform  medical  personnel  that  injured  . 
may  b^  contaminated.  '\   '  , 

(o)    Qall  for  necessary  assistance  from  J.ocal  fire, ''police 
o'r  public  health  departments  and  nearest  military  or  NHC  installation. 


'  (d)    Control  personnel  who  may  be  contaminated , 
«te  ,       '       - ' — 

1.  ,  Obtain  names  and  addresses. 

•  .        »  *  •  ^ 

2,  '     Discourage  .^smoking,  eating,  drinking,  *and  leaving 
until  monitoring  and  decontamination' assistance  is  aV'ailable. 


777 


ERIC 


(.e)'  Localize  contamination.    Example:'  Leakage  ^nd  spillage 
on  highway  can  be  removed  "by  sweeping  or  shovelling  contaminated  material 
into  a  *  suitable  container  and  holding  for  disi50s,al.    If  liquid  has  'been  spilled 
the  contamination  may  be  contained  by  means  of  dirt,  cloth,  sawdust,  or  *  * 
other  absorbent  material.  #  Duats  can  be  seftlsd  Jby  m^ans  of  a  fine  water 
apray*  ^  •  -    •  .         '         ^  .      .       ^     '  ' 

c.     Subsequent  action:  *  .  ^* 

^   /(^)    Monitor  and  decontaminate  personnel,  if  necessary.    See.  ^ 
paragraph  5  of  this  appendix  for  guidance  on  decontamination  of  personnel. 
Assistance  of  local  health  department,  civil  defense,  nearest  CBR  team,  • 
or  other  RAD  Safety  Team  may  be  hecessary. 

(2)    Monitor  «nd  d  econtaminate  property.  ,{Same  assistance  as  (1) 
alcove  may  be  necessary.)  Reduce  exclusion  area  tp  bare  minimun^. 

J  (3)    Docunrtent  the  emergency*-  *       *  ^ 

4.  Procedures  in  case  of  theft  oi^loss. 

Notify  Army  area  headquarters. 

'  ,    b.     Notify  consignor.  '  . 

c.  Notify  FBI  and  local -police  officials  if  theft  is*  suspected. 

d.  Attempt  to*  recover  in  case  of  los's. 

5.  Decontamination  of  personnel,  *         _  i  i  _ 

a.     if  package,^  were  undamaged,  contaminaiion  is  unlikely.  However, 
rajiiac  instruments  ^are  necessary  to  verify  the  presence  or  absence  of  con- 
tamination.   For  beta-gaAima.-rbaterials,'  this  requires  a  Geiger' Mueller 
type  insfrument  capable  of  distinguishing  dose  rates  between  zero  and  0.2 
milliroentgen  per  hour.    I'or  alpha -emitting  materials,  an  instrunient  _ 
capable  of  detecting  500  alpha  particles  per  minute  prfr  1^  square  inches  is 
required.    Further,  it  should  be  n6ted  that  alpha  r.adiation  cannot  be  detected 
from*  moist  or  wet  surfaces .    .  , 

b*  '  Thofdugh  washing  with  nonabrasive  soap. and  lukewarm  water  is  the 
best  general  method  of  decoritaminatiori  of  the  hands  and  other  parts  of  the 
body,  regardless  of  contaminant.  *If  the  contaminant  is  localized,  it  is 
often  more  practical  to'  mark  off  the  affected  area  and  cleanse  with  s\^ab8, 
rather  than  risk  the  danger  of  spreading  the  contaminant  fey  general  washing. 

CAUTION:   Organic  solvefnts.must  be  avoided  ars  decontaminating  agents 
because  they  may,  increase  jthe  probability  of  the  radioactive  materials' 
penetrating,  thro.ugh  the  gores  of  the  skin.    Spe\:ial  attention  must  be.given 
to  the  areas  between  the  fiiig^ers  and  around  the>nails;  also,  the  outer  edges 
of  the  hands  are  readily  contaminated  and  often  neglected  in  the  washing. 
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c.      In.  the  event  several  i^ndividuals  have  become  contaminated  or  the  * 
contamination-  on  an  Individual  is  not  localized  to  a  small  portion  of  the- 
bol/,  the  following  decontamination, procedure  will  used: 

(l)    Place  ind^ividual  under  a  tepid  shower, 

(-2)    Using  a  mild  toilet  ^oap,,.  individual  will  cover  entire  body 
with  lather,  '     *     -     "  , 

(3)  While  still  covered  with  lather,  individual  will  step  out  of 

shower^ 

^       ,     (1;)  An  assi^t^nt  will 'sprinkle  a  heavy  coat  of  mild  soapf  lakes  all 

over  lathered  individual.  (Purpose  of  lather  is  to  cause  soapflakes  to  adhere 
to  person.) 

(5)  U?ing  his  hands,  the  contaminated  individual  \fell  rub  the 
soapflakes  on  ^is  body  into  a  paste.  ^ 

(6)  Individual  will  then  return  to  showeit-  and  attempt  to  rinse 
soa^  off  of  his  person  by  starting  at  the  top  and  working  his  way  down." 

*  *-^*  ^     ,  ^ 

NOTE:    It"  will  be  necessafy  for  individual  to  rub  body  surfaces  with  his 
hands- while  rinsing  in  order  to  remove  soap  paste'.    Soap  paste  will  remain  ' 
oa  those  areas  which  have  not  beeij  thoroughly  washed.    Although  a  soft  cloth 
may  tie  used',  a  brush  m^^y,  not.    Particular  attention  should  be  given  hairy 
portions  of  the  body.  "      -  ,     '  ^    .  ' 

(7)  When  the  individual  has  rinsed  himself  to  the  feint  that^  he  no 
longer  feels  slimy  and  while  still  under  shower,  he  will  be^  examined  by'  an  ^ 
assistant  for  traces  of  soap.  The  presence  of  soap  will  indicate  which  areas 
of  the  body  have  not  been  decontaminated.  ^      '  *  . 

(8)  After  removing  all  traces  of  soap,  individual  will  leav^  the 
shower  and  dry  himself. 

I9)  lifter  drying  off,  individual  will  be  monitored.  If  individual 
is  still  generally  cont'aifiihated,  procedures  will  be  repeated. 


751 

779 


RADIOACTIVE  CONTAMINATION 


DF510,  1 


Ait  the  laboratory  located  on  your  installation,  a  chemist  has  received  a  glass 
ampoule  containing  1.27  curies  of  elemental  sulfurr35  dissolved  in  15  cc  of* 
benzene.   'This  material  was  received  in  a  heat-'sealed  all  glass  ampoule'  sur- 
rounded by  packing  material.    Prior  ,to' opening  it,  the  ampoule  was  chilled  in 
^n  ice  bath  fnside  of  two  concentric,  ^containers .    The ^ampoule  was  scored  with 
a  carborundum  chip  but  could  not 'be  sjxapped  open.    Before  it  could- be. scored 
again,  it  exploded  shattering  both  containing  vessels  and  severely  contamina- 
ting the  operator.    The  operator  received  minor  cuts  on  his  hands  from  glass 
that  penetrated  his  rubber  gloves.    There  , were  also  sujperficial  cuts  on  his 
face*  arpund  but  not  within  the  area  protected 'by*his  safety  glasses.  His 
uniform  and  the  exposed  areas  of  h-is'face  were  highly  contaminated.    He  dis- 
carded his  uniform,  changed  to  clean  clothes,  and  left  his  laboratory  which 
was  then  sealed.  . 

; 

Describe  the  further  handling  of  this  situation. 


.  to 

780 


.    ^     -  '  ;     '    "  DF^IO.Z 
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INQIDENT  INVOKING  A:BADI0GRAPHIC  SOURCE 

A  contractor  qh  your  installation  is  doing  radiographic  testing  of  some 
equipment.    A  radiographer  is  lising  a  new  10  curie  C0-6O  remote  radio- 
graph/ source  to  radiograph  some  pipes  in  a  power  plant  under  construe-  ^ 
tion.    From  a  sh-ielded  location  he  is  cranking  1:he  source  back  to  the 
source  container  wh'en  it  sticks  and  will  not  return.    He  pulls  and  jerks 
the  source;he  finds ^ that  it  has  become  disconnected  and  has  dxopped  on  ' 
the  floor.    He  becomes  excited  and  leaves /the  scene  to  get  help. 

There  are  lO  men,  .pipe  fitte^rs,  assistants  and  welders  working  in  the  . 
bulldinci;.  '  The  r-adiDgrapher . says  th^t  he  returned  in  approximately  20 
minutes  and  you  are  there  5  minutes  afte?r  ^his.     *  -    *    ^        ^  ,1 

What  .i$  your'coursfe  of  operation?  \ 

Information:  -  *      .  , 

Co-60  -  1  curie         13-7  rad/hf®,  1  foot    ^         '       *       .  • 

.    *  Half-life    :=    5.2  years  '  -  ^  ^ 

Co-60  gives  off  a  1133  Mev  gamma  and  a  1.17  Mev.  gamma  /^^ 


/  r 
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^  RADIATION  ACCIDENT  INVOLVirfG  RADIATION  GAUGES 

/     .■  . 

A  fire  occurred  in  a  two  story  supply  facility  on  your  installation.*  lavolved 
in  this  facility  was  a  process  control  system  using  5  beta  gauges  containing  • 
radioactive  St"rontium-90.    You,  as  RPO,  are  on  the  emergency 'team  called-in 
to  advise  on  proper  actions  to  take  while  fighting  the  fire  and  subsequent 
cleanup.  «  '       '  -  1 

Sources  were  contained  on  two  floors  of  the  building  and  eacn  source  employed 
the  standard  SIA  source  capsule  whose  strength  was  10  -  12  millicuries  of.  ^PSr. 
The  Source  capsule  model  SIA  is  made  of  stainless  steel.    The  front  window, • 
which  is  'copper  braised  to  the  body,  has  a  thickness  of  1.5  mil.    Th^  radio- 
activity is  -deposited  on  a  ceramic  disk  covered  with  a  silicate.    Ujbe  disk 
is  placed  in  the  capsjile  "hot"  end*adjacent  to  the  thin  window  and  the  threaded 
plug  is  inserted  ucing  a  silver  bearing  solder  which  has  a' melting  point  of 
'U30^  t*.  .       *  ' 


1ti£ 


The  source  housing  is  esserlxially  a  small  cast  aluminum  box  which  ik  used  to 
house  the  source  and  has  appropriate  control  devices.  -  ' 

Describe  how  you  would  .handle  such  a  situation. 

Describe  the  proper  precautions  to  take  whide  fighting  the  ^fire  and  during 
cleanup  operations.  '  * 


K 
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RAiapiSOtOPE  LABOEATORY,  INCIDENT  -  J0DINE-;3V  y  .      .  .     !^  ,    I  . 

As/RPO,  you  receive  a  ciall  f'rom  the  diagnostic  radioisot^e  laboratory  at  the 
.  local  military  hospital.    The  laboratorir^  staff  consists  c\  a  radiologist 'and 
a  technician.  .  The  laWratory  is  cleaned  by  the  regular  housekeeping  staff  of 
the  hospital  on  Tuesday  and  Thursday  nights!    The  12  p.m.  to  8  a.m.  shift 
customarily  performs  theses  cleaning  ,dVities. 

The  rad^ologist^has  been  working  witt^,  10  millicuries  of  liquid  Iodine- 131 
in' a  beaker  on' the  stainless  steel  labor)atory  bench.    .On  Tuesday  evening  before 
leaving'' work,  the  technician  places  a  tight  Siran  wran  cov*ejr  on  thfe  beaker  to 
^prevent  evaporation^    Upon  'entering  the  laboratory  at  7:50  a.rp.on  W.ednesday 
morning,  the 'technician  discovers  the  beaker  lying  broken  in. the  waste  basket 
under  a  desk  amid  paper  desk  trash.    There  is  nb  sign  of  the  solution  except 
for  the. white  crysj.alline  residue  on. the  broken  glass.    The  floor  seems  clean, 
qf  gla^s  fragments.    On  the  desk  was  a  note  from  the  night  housekeeping  super-  ^ 
visor  eicplaining  that  the  janitor  on'duty  had  knocked^ the  beaker  off  the  bench 
while  cleaning  t^e  laboratory  and  had  cleatxed  up^'the  spill*  himself .    The  radio- 
logist^ immediately  telephoned  yqu.      •       ^   %  ^'^  ♦       •  ^  , 
*           *       **                                   •  . 

/a.      Itx  logical  sequence,  'outline  the  pjKQcedures ^you  would  take  in  handling 
*  the  situation.  ^  .  *  '  - 

b.      What  changes  should  be  initiated  in  laboratory  techniques  and  manage- 
ment to  oWiate  further  incidents  of  this  kind?  . 
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..RADIOISOTOPS  SPIMi 


f^t  approximately  ^  A.K.    a  strong  gust 'of  wiiod  blew  a'cart'on  of  radioisotopes 
off  an' airline  freight 'itruCk  in  a  passenger  walkway  on, the.  vest  concourse 
Sf  the  airport.    a?he  package  dropped*ia  front  of  the  truck  in  such  a  position 
that  the  right  front  tire  -of  the  truck  ran  over  the  carton  containiag  the  radio- 
isotopes.   Mr.  Bro-rfn,^  driver  of  the  truck,  placed  thej  damaged  carton  back  pn  i 
the  truck  wijthout  noticing  the  label,  and  was  theref^e  unaware  of  the  natjurc  j 
of  t^he  conte'iits.,'  even  though  .the  carton  did  carry  a  radioactivity  danger  warn- 
ing sign;  '  '      ^  •   '  ' 

The  >acl<age  was  a  Blank.JLdboratories ,  Oak  Ridge,  Tehnessee,  standard  cardboard 
Shipping  carton  enclosing  five  metal  radioisotope  containers.    The  shipment 
consisted  of:  "  -  * 


-Three  containers,  Orioiodide,  Iodine^l31  -  5  millicuries  each;  on^ 
-    container,  Chromic  Radiophosphate,  sterile  Phosphorus  32  -  10  milli-- 

curies,  and  one  container.  Sodium  Iodide  sterile  Iodine-131  -  10         »  ^ 

millicuries.  *  ^ 

At  approximately  6:3Cra.m^  Mr.  Adams,  airline  cargo  service  representative, 
noticM  TTlc^-radioactive  materials  label  and  realized  the  nature  of  the  acci- 
dent.   At  about •7:'20a.m., he  telephoned  advising  the  local  military  installa- 
tion and  you,  as  RPO,  were  told  of  the  a9cident  and  that  the  contents  of , the 
carton  were  crushed  and  leading.    Four  airlines  personnel  had  come  in  ^ntact 
with  the  package  in  addition  to  Mr,  Adams  and  Mr.  Brown,  the  driver  of  the 
truck.    lAr.  Brown  was  nauseated  and  vomited.    The  whole  gina^p  was' emotionally 
upset.    None  of  the  others  had  been  observed  to  have  any  physical  symptoms.  , 

If  >ou  thought  to  ask  .Mr.  Adams  how  many  people  might  have  been  exposed  to 

contamination  from  walking  across  or  through  the  area  of  the  original  spi-ll 

in  the  passenger 'walkway ,  he  would  have  told'  you  he  did  not  know  how  many  . 

hundreds  of  people  might  have  walked  through  the  area.    Since  the  area" had 

not  been  roped  off ,/ hundreds  of  people  .actually  jiad  walked  through. 

If  you  had  asked  Mr.  Alams  v/hat  hai,  bee^n  done  with  tHe  carton  after  the  acci- 
dent occurred  and  if  any  other  employee's  might  have  been'  exposed,  he  would 
have  told  you  that  Mr.  Brown,  the  truck  driver,  had  picked  ,the  cartoa  up*,  put 
it  back  on, his  truck,  t^ken  it  to  the  airport  terminal  building  and  put  it  down 
in  an  airfreight  room.    In  addition,  at  this  time  of  the  corning,  there  were  many 
employees  of  the  airfreight  line  and  other  airport  terminal  employees  coming 
and  30  i 

Outline 
cedures 

this-i-al 

f 


If  the  amount  ^f  activity  were  t 
tef  your  course  of  actioh?" 


appropriate  course  of  actioj;!  inpXUding  environmental  contt-ol  pro 
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RADIATION  ACCIDEOT  H^VOLVING  LOCAL  ASSISWNTS      *   '  , 

You  are*  the  R'-^diological  Safety  Officer  at  a  military  installation  near  a 
university  located. in.  a. commuaity  of  approximately  35>006  people.  .  ' 

The '^installation  frovost  Marshal  received  a  call  from  the  local  police  re- 

qu'esting  assistance  at  an  accident.  There  is  a  fire  in  a  small  independent 
radiological  lalJoratory,  on  the  outskirt^s  of  town.  The  Provost  Maxarhal  In- 
fo^nls  th;e.  installation  CO  and  }ie  directs  you  to  render  |all^possible  assistance 

The  labpratory  is  a  two-man  operation  owned  by  two  former  university  prolfes- 
.  sors  wno  nave  gone  into  "business  for  th^selves  and  they  have  been  doing  radio 
logical  nuclide  analysis,  instrumentation  calibration,  and.  some  ^industrial 

radiography.         *  .  •      '  ♦ 


The  reason  for  the  cal^l  was  that  one.  of  *the  policemen    noticed  a  radioacti^^e 
material  si'gp  on  a  beaker.    The  policeman  also  noticed  that  only  one  of  the 
operat-ors  chh  be' located,  but  he  is  in  an  unconscious  state  and  canrijpt  answelv 
aay  question^^        *        ^  ^  • 


irijpt 


tfie  policemen  would^.like  for-you  to  come  to  the  site.  anA' tell  them  if  there  is 
a*  probl'efh  .at  the  laboratory  and  what  can  be  done  to  minimize  it.  * 

You' organize  ^  f»iVe-man  team  and  prooeed^^-o-  the^site.    When  you  arrive,  the 
policemen  are  present  but  the  medical  emergency  people  have  not  arrived. 

a.  .Outline  th^approach  you  should  use,  in  the  sequengy  of  occurrence. 

b.  Wjiat  information  is  necessary  to  protect  the  general  public ^and  to 
give  the  policemen  a  complete  picture  of  the  situation?  ^  ^ 

'  c.     i^hat  decontamination,  if  any,  should  be  .taken? 


...  DF510.7 

-.    RADIATION  AC aOENT  INVOLVING   \  •    '  , 

.  A  LABORATOR  Y,  5.PILL  OF  AN  ALPHA  EMITTER    ,    •       '  - 

You  are  the  chemical  officer  at'a  larjge  military  installation  involved  in 
reseaafch  'and  development  worlc.   Thereif  a  large  laboratory  located  on 
this  installation  with  a  regularly  assignea  health  physics  officer.  This 
health  physics  officer  is  ^way  fronn  the  installation  for  a  4-week  period 
attending  a  traihing  course'at  Oak  Ridge,  Tennessee.    You,  as  a  radio- 
logical safety  trained  individual,  have  beeh  detailed  to  fill  in  for  this' 
individual  untilTiis 'return. 

The  laboratory  is  made  up  of  a  series  of  stainless  st/eel  iined  rooms  opening 
on  a  center  hallway.    Each  room  has  a  separate  independent  ventilation 
system.    At  about  10:00  o'clock  one  morning,  two  technicians,  a  lieutenant, 
and  a  specictlist  started  working  on  a  project  in  which  they  xikfid  a  dry 
thorium  radioactive  material.    Th^re  was  a  health  physics  ^(Sn)  monitor 
present  during  the  operation. 

At  lunchtime,  the  three  individuals  washed  their  hands  and-were  monitored 
out  of  the  lab  using  a  hand  monitor.   They  all  went  to  lunch.   After  lunch,  the 
health  physics  monitor  discovers  contamination  on  the  bench  in  the  lab  and  ' 
upon  further  investigation,  pontamination  on  the  floor  and  out  In  the  hallway 
Is  found. 

An  immediate  call  was  placed  to  the  MPO  office  and  ^a  man  on  duty  responded  ' 
with  a  beta-gamma  instrument.    You  arrive  and  take  the  proper  instruments 
to  the  laboratory.   About  this  time,  the  lieutenant  returns  from  lunch  and  you 
monitor  him,  finding  contamination  oft^his  head,  hands,  and  uniform.  ' 

Jn  the  following  questioning  of  th^s^three  indjlviduals,  the  EM  .monitor  went 
to  the  loccd  messhall,  ate  lunch,  ano^eturntd  directly  to  work;  the  enlisted 
technician  w^ent  to  his  home,  on  post,^^e  l\«ich  and  returned  directly  to 
work;  the  lieutenant  went  to  the  Officer\ga[ub,  where  he  ca|hed  a  check,  then 
went  to  the  BOQ,  where  he  fixed  a  saiidwich  for  lunch.  He  afe.the  sandwich, 
drank  a^glas^^f  rpilk,  and  laid  on  his  h.e^  while  he  read  the  morning  news- 
paper*   He  then  returned  to  work.  •        '  *  * 

a.  Outline  yc^ur  bourse  of  action  as' to. the  contamination  in  the 
laboratory*.  ...  , 

b.  Outline  your  course  of 'action  on  outside  cotitamination. 

c.  What  type  of  2dert,  if  any,  should  be  issued  to  tHe  post?  ' 


^      *  •  •     .  DFS10.8 

•  e  RADIATION  ACdDEIW  IHVOLVING  " 

AN  ESCORTED  SHIPMENT  OF  RADIOACTIVE  MATERIAL^ 

~  ,  ,  ■  , 

You  are  the  RPO  at  a  Government  ins tallatio'n  located  near  a  m'ajor  through  • 
highway     At  10:00  o'clock  one  morning  you  receive  a  calj,  from  the  State 
Highway' Patrol  statina  that  a  truck  carrying  a  military^ shipment  of  radio- 
active material  has  cav^ht  fire  a  few  miles  froiji  your  ihstallation.  The 
driver  of. the  truck  harf  written  instructions  to  contact  the  nearest  military 
installation  in  case  of 'an  accident"  'The  patrolman  requests  immediate  assist- 
ance    A  hurried  ?all  to  the  installation  o^eratibn^  office-  gives  you  clearance 
to  proceed.;  You  immediately  organize  your  staff 'and  proceed  to  thp  scene. 

The  fire  was  first  detected  by  the  truck  driver  wheit  smoke  was  observed  emana- 
ting from  the  trailer.    The 'truck  was  .limediately.  halted  and  the -tractor  Un- 
coupled, "while  the  local  fire  department  was  summoned.    Fire  .extinguishers 
from  the  vehicle. and  other  trucks  who  stopped  to  assist  were  used  to  copbat 
the  blaze..  The,  Ipcal  fire  department  responded  promptly,^  and,  with  their  aia, 
the  blaze  was  extinguished  in  approximately. 15  minutes. 

Part  of 'the  cargo  was  a  jgakoline-powered  generator;   While  it  couli  riot  be 
determined .th-at  this- was' the  sou^c^,  the  probability  is, that  a  spark  could  have 
originated  from 'the  starter  batterer  and  started  the  fire.  . 

>   -■■  .      ■    i  ■,  . 

Q.     What  are  your  immediate 'actions?  •  ••  •* 

.b.   ^What-;C<mtro-i  sWld'be  initiated  and  wlj-at  assistance  may  be  needed?  " 


.1 


RADIATION  AGCIDENT  INVOLVING  4  ' 

A  TRlXnC  SHIHteNT  OF  SOtjRCB  MATERIA     *■  ^ 


DE510.9 


In  your  capacity  as  RPO,  you  receive  a  call  for  the  local  highway  patrol  on' 
an  accident  which  has  occilrred  on  a  maJ.or  highway  near  your 'installation/ 
The  request 'has  teen  cleared  through  the  installation  OP  and  he  has  dirj^cted 
you  toirenc^r  all  assistai|;e  pbssib|.e.         |  '        j.  j  ' 

'The  accident  involved  the  collapse  of  a  trailer' due  to  structural  failure, 
though  the  load  was  within  the  rated  weight  limits^    The  trailer  carried  24*. 
boxes  of  normal  ufmium  sliigs,  weighing  37., 000  pounds,  and  up6n  collapse  of 
the  trailer,  t'he  4^ruck  jackknifed  into  a  ditch.    Twelve  wboden  boxes  of  slugs 
were  thrown  on  the  road,  five  boxed  broke  open,  and  the  slugs  -were  scattered 
on  both  sides  of  the  road. 

^The  highway  patrol  has  kept  the  traffic  moving,  otherwis'e  they  have  sealed  . 
.  off  the  area.  "  '  *   ^  '         '  ^ 

^a.      What  are  .your  inunediat.^ 'instructions  io  the  highway  patrol  officer? 
b.     What  actions  wi^  you  take  when  you  arrive  on  the  site?  '  , 


.  er|c 


It- 


■•I 


7.60' 

788 


-.'-/-i^Sj 


DF510.10 

RADIATION  INCIDENT  INVOLVING 

OF  WCMM  USED  EQUIPMENT  ,  ^ 
•      I  - 

In  your  routine  duties  as  RPO,  you  have  members  of  your  orgggiization  pick  up 
and  move  contaminated  e^ipment  to  a  safe  storage  area.    Some,  of  the  contaminated 
equipnen^t  was  packaged  and  monitored,  and  then  placed  in  a  Government-owned 
pickup  ^ruck  for  onsite  trarlsport  to  the  storage  area  to  be  made  on  the  follow- 
'  ing  d'a^j,    A  rajjnstorm  durip^  the  night  submerged  the  package  ixi  water,  and 
*  it  was^'  In  turn,  penetrated  by  the» water.    During  transport  o£l.,the  package  the, 
following  day?  the  water  leaked  from  the  package,  contaminating  the  truck  bed 
and  cRassiSi  -  . 

a.     What  is  your  course       action?  >  ^ 

V      b.     What  corrective  measures  do  you  recommend  to  prevent  a  recurrence 
of  this  incident?  "  \ 


/  COOTAI^NATION 
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RADIATION  ACCIDENT  INVOLVING  - 
AIR  SHIPMENT  OF  RADIOISOTOPES  -  Ca-lf5 


In  .a  routine  transfer  of  package^  received  'at  a  local  air  terminai./  one  of 
the  packages  fell  from  the  truck  as  it  was  being  driven  -across-  the  runway  to 
another  building  for  transshipnent..    As  the  package  .lay  on  the  runway  '  it  was 
-run  over-TJy     conmercial  airdraft  taking  off  on  a  rdutine  flight  ta  a  neighbor- 
"f  ,P^%^"ieht  official  discovered  the  package  lying    on  the  runway  ' 

and  calied  the  fire  department'  located  at  the  airport.    The  package  was  picked 
up  by  t-he  firemen  and  transferred  to  a,  remote  buiMing'on  the  airport  grounds. 
This  transfer  was  acCctnplished  by'  use  of  a  shovel  and  a  large  wooden  \>oS  ^ 
obtained  from  the  freight  office.    The  label  on  the  outside  of  the  packSe 
.    -states  that  ll8  millicuries  of  Car^  is  in  the  package. 

A  call  is  placed  tol  your  installation  requesting  assistance  and  you,  as  KR). 
ape  to  respond.       /  .   _  .  '  ' 

a.     What  instructions  shoUld  be  given  to  the  crew  at  the  building 
containing  the  package  prior  to  your  arrival?  . 

^  b.     What  procedures  should  be  followed  upon  your  arrival?  -  • 
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•  •    •         1  I.  ■        .    ■        ^'  ^ 

_    .   .  -  RADIATION  ACCIDENTL INV0D7ING'    /     •  ' 

•    '  "  A  TRUCK  SHIPNIENT  OF  WASTE  MATERIAL  • 

i.  ■      '       ■  '  .        '     ■    ■  ..  ■ 

During  *a  routine  shipment  of  X animal  experiments)  waste  to  a  burial  site,  the 
tractor-trailer 'stalled  at  a  local  filling  station.    At  that  tira^,  leakage 

'  and  odor  ^ere.  noticed'  ceding  from  the  ti;juck,  end  the  mili^'aty  installation 

'  near  the  scene  was  called.  * 

/\^ou,  as,FPO,  are  directed  to  investigate  and  to  render  all  assib^ahc^ppssible. - 

Upon  arrival  at  the  scene,  it  is  determined  that  one  of  the  23  drums  1^?^J.ved 
t;ias  ruptured  due  t6\internal  pressure  en  route.    You  rnonitor  the  material  which 
has  'leaked  from  jthe  truck  and  determine  the  radiation  to  be.  low  leyel  gamma 
only  and  r.he  reading  on  this  material  is  1  mr/hr.  * 

At'  this  time  representatives  of  the  local  newspaper  arrive  and  request  a  state- 
'from  you.  .  *         ^   — — '  ^ 

a.  What  actions 'are  necessary  to  control  the  contamination  problan?  ^ 

b.  What  type  statement  should  you  release  to  the  newspaper? 


/ 
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1    radiatIeon^accident^I  _ 

iNVOLVING  OLD  CONTAMrNATTO  EQUIPMENT 


^ou  have  been  recently  assigned  the  duties  of  RPO  for  your  installation  '  You  ' 
have  a  staff  of  four  technicians  working  for  you  with  the  maximum  amount  of 
service  in  these  jobs  being  only  18  months^ 

YoJ  receive  a  call  iroj  a  medical  warehouse  supervisor  requesting  assistance. 
Onetof  his  men  found  in  an  old  storage  warehouse  some  items  under  atarp  which  were  A 
marked  with  a  radioactivfe  warning^  sign.    He  immediately  left  the  warehouse  * 
and  reported  to  his  supervisor,  who,  in  turn,  called  you. 
^  ♦ 

.  You  get  two  of  youi-  staff,  gather  the  proper  instruments,  and  -proceed  to  the 
scene.  Upon  arrival,  one  of  your  staff  monitors  the  warehouseman  and  finds  no 
cotttemination.  Further 'investigation  of  the  warehouse  reveals  low  level  beta- 
ssenma  (2  mrad/hr)  contamination  on  the  floor  near  a  set  of  remote  maniCulator 
anns^  The  arms  are  contaminated  with  a  beta-'garama  emitter  with  readihgt  of  up 
to  20  mrad/hr  on  contact.    '  i  ' 

you  -question  the  supervisor  and  lelarn  that  no  equipment  has  beeCj:emoved  or 
placed  into  this  particular  warehouse  since  he  has  worked  in  this  area  (approxi- 
mately 7  years).    No  one  else  haS  any  knowledge  of  these, items.   All  records      '  • 
of  storage  have  been  retired  or  destroyed.    You  are  able  to  locate  the  property 
holder  as -being .an  agency  on  the  installation,    Fran  this  agdncy  you  learn  the 
items  were  stored  approximately  10  -  12  years  previously  and  the  contamination  ' . 
is  probat)ly  Cobalt-60. 

a.     'Whatvare  your  future,  actions  regarding  the  contaminated  equipment 
,  ^    ^         and  the*  warehouse?  '   '  ^  ^ 

h.i^  What  action  should  be  accomplished  as'^far  as  documenting  the  time  and 
^    type  of  cbntaraination? 

c.    fWhat  ptecautions  should  be  adopted  to  pfeventl^uture  occurrences? 


■  U 


■'I 


'  •     >  DF510,  14 

\  '  *  /         ,  • 

RADIATION  ACCIDENT  INVOLVING  ♦ 
'    ,  ^      j      .A  TRUCK  SHIPpNT  OF  SOURCE  MATESJAI5  ^ 

A  semitrailer  containing  Anms  of  uranium  chips  (metallic^  was  parked  at  your 
instaUation  motor  pool  on  Friday  noon  to  be  moved  to  its  ultimate  destination 
on, the  following  Monday  morning.    During  a  routine  inspection  by  a  motor  pool 
guardl  in  the  eai^iy  evening,  the  trailer  was  found^to  be  secure.    On  r^assing 
thfe  trailer  2  or  3  minutes  later,  the  guard  noted  that  the  trailer  had  * 
burst  into  flaAes.    The  blaze  was  extinguished  by  the  local  fire  department. 
At  this  point,  you  are  contacted  and,  in  turn,  call  your  assistants  who  resrpond, 
bringing  anti-contamij;|ation  clothing  and  various  types  of  radiacmeters* 

Upon  arrival,  youlf ind.  the  fire  has  damaged  the  trailer  (privately  owned)  in- 
eluding  destructiA  of  interior  body  paneling,  four  tires,  tarpaulin^  one-  ^ 
third  of  the^flo/lng,  and  break  and  lights  systems.  Examination  of  the  drums 
containing  the  uranium,  chips  reveals  that,  lids  are  off  several  drums,  as  if  by 
explosion.    You  are  able  to  get  the  bills  of  lading  from  the  tractor  cab, 

a.  What  are  your  immediate  actions  to  control  the  scene?    No. emergency 
cr^v  has  left  as  of  this  time.  .  :  >  ^ 

b. '     What  are  your  actions  Soward  the  cargo'^oF'the*  truck?.  ,   -  -    '  • 
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RADIATION  aiCJDENT  INVOLVING 
STUDENT  COHTAMTNATION  OF  LABORATORY 


You  are  thf  Rrdtatioii  Protection  Officer  air  an  installation  involved  in*"traln. 
.inq  of  inHividuals  Aiding  radioactive  material.  '  ^ 

In  a  routine  clas's  using  Gt»ld-198",  students  must  perfom  decontam-ination  of  | 
radiation  contaminated  platep.    This  exercise  rejquires  the  students  to  com-  '■ 
plete  the  operations  required,  monitor  this  |  area,  and  be  nonitoreii  out  <pf-  .the 
.  laboi<atory.    At  the  completion  of  the  exercise,  these  functions  Vere  done  and 
the  students  vere-  released,-  - 


The  safety  officer  during  the  operation  checked  the  area  and  found  contminat ion  ' 
on  some -student  work  benches.    Your  office  was  notified  and  further  checked  by  -  • 
your  staff  reveals  heavy  contamination  of  several  sp9ts  on  the  floor  and  lighter, 
contamination  on  the  work  bench.    Evidence  of  contamination  is  discovered  in 
the  hallway,  outside  the  laboratory,'  All  instructors  are  monitored  and  found  to 
be  clean,  .It  is  now  I70O  hours,  ' 

•  ^  » 

a.     What  is  your  course  of  action?  '  * 

S  ^  .  ,  .  .  ^ 

What  modification  would  you -recommend  to  eliminate  future  occurrences? 


.  I  - 
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BADIAIPION'  ACCIDENT^INVOLVING 


^  -.r^  imi3JG  SHIPMENT.  OF  RADIOISOTOPES 


A  radioisotope  shijinent  oi_Calciuiii-U5  is  received  at  your  installation.  In 
accordance  with  your  local  SOP,  memTjers  of  your  staff  'monitor  and  «ipe  test 
the  external  surface  of  the -pacjcage .    No  evidenpe  of  conWn«*i?n  if  /  * 

so  the  packBge  is  turned  over  to  the  user  f 6r  unpacKaging  and  Vltimate  use  k 
'    as  outlined  in  the  SOP. 

Two  oemters  of^e  user  agency,  a  lieutenant  and  a  specialist,  unpack- the  * 
radioisotopes.    They  find  the  glass  vial  in  the  pacKagp  to  te  completely 
empty  and  the  atsortent  material  to  te  danjp.    The  materials  are  -placed  in  a 
-  radiation  "hood  equipped  with  a  positive  displacement  filter  and  a  negative  ^ 
airflow."   The  two  men  remove  the  rutter  gloves,  wash  thisir  hands,  and  monitor 
•  .    out  of  the  preparation  laboratory., 

•Several  days^ter,  the  specialist  and  a  civilian  employee  are  using  the  same 
room  to  contaminate  disks  for  a  class  itf determinat Jonijf  uni^own  radioisotopes. 
The  front  part  of  the  hood  is  in  use  and  the  operatiojT  i#  completed.  In 
accordwice  with  the  SOP,  the  haiids  and  feet  of  the  civilian,  are  monitored.  ^ 
tontamliatiota  is  found  on  the  heel  of  one  shoe; 

Your  office  is 'imediately- notified  and  a  check  reveftls  contaniinatioh  ,on  several 
spots  oythe  flOQS,  in  front  of  the  hood  and  contamination,  leading  ou,t  of  the 
doorwaw^iffto  the  ttaH.  ,  ^  . 

a.     What  are  your  Ismedi^i^tctions?  .  , 

/  t.     What  areas  should  te  checked?  — - 

c.     What  actions  should  tie  taken  to -prevent  recurrence? 
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COMPUTET  I  O.NAL  PROCEDURES; 
'    IN- fHYSICAL  SCIENCES 


•J 


» 


.  DP540,  Computational  Procedures  in  Physical  Sciences 

r  •  ,9 

I.    References    None.  ,  •  ' 

II •    Lesson  Plan  Outline:    None.  , 
•III.    Handouts:    None*  <  ' 

IV.    Problems:  ^  •        '  •  . 

Cla^s  and  Home'  Study  Problems., 

1.    Wlxtit  radioactive  materials  are  always  present^ in  the  atmosphere? 
What  is  their  origin? 


A  sample' was  taken  of  airborne  particulate  radioactive* con t ami na 
tion.    Four  bours  after  the  sampling  was  stopped,  it  measured 
53 > 800  cpm.    Twenty  hours  later  *(af*ter  the  first  count)  the  sample  _ 
measured  k^,200  cpm.    The  background  count  was  26  cpm.    What  is 
the  n\amber  of  counts  which  may  be  attributed  to  long-liv6d  isotopes? 
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A- long-lived  airborne  contaminant  meas\zred^20,000  cpm.  'The  sample 
cwas  collected^  for  3  hours  usiiig  a  sample^  with  a  flow  of  20  cpm. 
The  combined  efficiency  of  the  sabpler  and  detector  was  10^.'  What 
is  the  concentration  in  |iCi/nQ.  of  the*  contaminant? 


If  the  above  contaminant  is  insoluble,  scandium-^,  i^f this  con- 
centration greater  than  the  limits  for  an  unrestricted  area? 
A  restricted  area?  ' 


770 

797 


You,  as  disposal  officer,  are"  given  a  100  ml,  sample  of  liquid 
from  a -storage  tank  containing  Cesium-1324-  in  solution.  After 
evaporating  the  material,  you  find  the  residual  solid  gives  a  , 
reading  of  24-5.' cpm  on  the  scaler.    At  this  coointing  xat^,  the 
scaler  is  0.10^  effi-cient.    Can  the  solution  in  the  storage  tank 
be  disposed  of  through  the  sanitary  ^wage  system?    Assume  that 
the  total  amount  of  material  for  disposal  is  less  than  1  Ci. 

/  •  s 
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You  as" disposal  officer  are-given  a^mall  amount  of' liquid  solution 

containing  ^'^Cu  di'ssolved  in  it.    The  reading  you  get  on  this 
sample  after  all  corrections  are  made  is  300,000  disintegrations 
per 'minute.    Yqu  wish  to'. dispose  of  this  nucUde  through  the 
sanitary  sewage  system.    What  action  must  be  taken? 


A-  soluble  nuclide  was  accidentally  spilled  and  the  decontamination 
resulted  in  the  collection  of  50  liters  of  water.  The  nuclide  was 
determined  to  be  ^^Ni  and  the  reading  before  decontamination  was 

Wo, 000  dpm..  Would  it.be  permissible  to  dispose  of  this  water 
through  the  sanitary  sewer?       .  .  - 


r 
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A  200  mCi'  sainple  of  g^^Cr  is  to  be  shipped* 

a.    What  transport  group  does,  this  isotope  fall  under  and  what 
would  be  the  most  economical  type  package? 


■  \ 

b.  'How  much  lead  must  be  used    to  allow  shipment  of  this  materia: 
'  ^'as  a  Yellow  III  label  item?    The  package  u^ed  measures  0.5 
meters  to  a  side." 
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You,  as  Radiological  Safety  Officer/  l^ve"been  asked  to  check  _ 
•    container  to  ship  1  Ci  of     EgOs.  /Yarf:  decide  to  use  lead  as  tUe 
■       inner  shielding  container.    How  nhich-lead  would  be  required^ t^. 
ship  this  package  \inder  radioactive  Yellow  III  label  requirem^ts 
without  a  waiver,  if  the  package  is  1  meter  to  a  side?  ■ 
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You  have  3Q  curies  of  Au-198  in  liquid  form  that  you  wish  to  ship 
withbut  a  waiver,-    The  material  can  be  kept  in  "a  safe  storage 
vault  until  ready  to  ship» 

a.  What  transport  group  does  this  fall  under,  and  what  type'  pack- 
age \is  needed?  '  .       ;  • 

b.  If  you  want  to  use  a  Yellow  Unlabel,  how  much  lead  shielding 
is  peeded    if  the  container  is  to  be  O.5  meter    on  each  side? 
(The  liquid  is  contained  in  a  plastic  bottle  which  stops  the 
beta  particles  with  negligible  production  of  bremsstrahlvmg. ) 


f 
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c.    If.  you  had  only  'byJte«-A  packages  available  to  you,  vhat  actions 
'could  you 'take  to  ship  3ifc? 


What  is  the  transport  index  for  original  shipment  (refer  to^ 
part  b)?    Is  this  witMn  the  acceptable  limit? 


776 
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it  possible  to  ship  198  Ci  of  cobalt.6o  under  Yellow  III  label 
in  a  type  B  package  measuring  0.5  meter  on  a  side,  without  a  waiver? 
Assume  that  lead  is  used  for  shielding.    Neglect  dose  rate  buildup. 


/ 


What'size  container  would  be  necessary  to  ship  the  radionuclide 
in  problem  11  under  radioactive  White  I  label  without  any 
shield ingt 
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13*-  An  Alrbdrne  sample  gave  a  count  of  256  cpm  after  k  hours,.    At  28 
•  -hours  the  count  was  2l8  cpm.    The  background  count  was  6  cpm.  The 
collector  was  So^l  efficient i  the  counter  ,was  ^  efficient.  The 
volume  of  air  filtered  was  10,000  cubic  feet, 

a»    What  is  the  airborne  concentration  of 'the  l.ong-lived  radio- 
active  component,  expressed  in  jiCi/ml? 


\ 


b.    If  the  radionuclide  is/unknown,  does  the  concentration  exceed 
the  limit  for  an  xmrertricted  area?  ^ 
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l^i*    A  ^  aCl  sanpl*  of  techDetiini«96  Is  to^  shipped/  You  vovld  like  to 
ship  the  natezlal  under  it  Radioactive  Yelloir  III  label  irlthout  adding 
shieldixig  or  seciuring  a  special  exetnption  from  the  AEC*    What  is  the 
Binioum  sized  container  that  nay  be  used? 
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15*    For  deteninlng  louree  rbrength  and  tlie  effect  of  shieldixig; 

vhat  energies,  and  parcentagei  ibould  be  considered  tor  a  aample  of 
iridiua-ige? 


t 
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l6.   Your  Uboratwy  utllliei  tbt  fbllcving  >md4.onuclide8  in  quantities 
oot  to  txcMd  100  oCl  in  activity:   Cexiutt-lUl,  .rubidium-86,  wrcury* 
203,  •o*^  gold-198't   You  hrr«' uncovered  itn.unknoifn  radioactive  source 
that  ragiatara  a  dose  rata  of  5.5  «rad/1ir  at. 2  metera.  -  What  is  the 
radionuclidia?  What  ia  ita  activity,  in  aCiT    (Asaune  the  unknown 
'   aource  ia  a  aingla  radionuclide.-  Aaaume. the. dose  rate  is  only  due  to 
gaflM  radiation.) 
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l7.    a.    Can  1.5  mCi'  of  silver-lOftp  be  shipped  radioactive' White  I  labW 

in  a  type  A  container  mea«\irin^  0'.5  meter  on  a  side  -without  u^ing 
'  auy  shielding? 


b.  Can  the  material  in  part-  (a)  be  shipped  radioactive  White  I  label 
in  a  10  cm  thick  lead  container  inside  a  type  A  package  measxiring 
0.5  meter  on  a  6ide  without  requiring  additional  shielding? 
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18.    A  lOOjaCi  of  *r8enic-73  is  "bo      thipped.   You  yould  like  to  ship  the  n 
materiaa  radlpactive  Yellcv  II  label  in  a. type  A  container  measuring 
1  meter  on  a  side.    I{ow  much  lead  would  be  required  to  shield  the 
aaople  to  meet  thf»e  requirement i?  .  .  ^ 


ERIC 


The  dose  rate  at  5  meters  from  a  aource  of  xlne.65,  vhlch  is- contained 
within  2  cm  thick  aluminum,  is  10  rad/hr.  What  is  the  activity  of  the 
source  in  Ci?  - 
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Solutions: 

1.     Radon  and  TborOQ 
(2^  +  ,2^) 


They  are  d««ecnd«nt«  of  ^S^r,  ^  (.ge«  pu*  363,  Pm  25) . 

C2   -    U5,200,-''  , 
Ci  -  53,800 

^    «   0.270  for  it  «   20  ' 

In  reality  we-«houl4'«ubtr«ct  ^e  backgrouM  count  from  '♦5»200  opu 
•3d  53,800  cp«  to  get  C,  ajsd  Co.   Since  26'tiit  U  «uch  a  wMll 
'    nuaTjer  in  co«p»l«ott  ^ith  53,,800  «nd  1*5,200,  it  ulU  not  aak*  «wb 
difference  In  our  antwer  so  we  vlll  neglect  It  for  thi»  prol)lem. 

6tt  -  MiJoo^isieooilOigoI 

1  -  0.2T0 

.   U^,200  '  li^.SOO   '  '  ^ 

0.73 

«  jQ;.XQQ  .  "  ' 

'.  0.73  ; 

m   U2,000  ojn     ^  , 


CP" 


3.     yCi/ml  .   vVeTTb;     *   U.505  X  10.' 


T  In  ■! 


J. 
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V   -   3  "hr   X  ^®         X   ^°         X  x  lo'^  ml 

hr  min  ^^3  . 

3.6  X  10^  x'2.83  X  10**  ml    =    102  X  10^  ml 

X         ,=    10^  0.10 


nCl/ml    =    .2  ^  10*^' X  t^.^0^  X  10-7 

lO"-^  X  1.02  X  10^  ■ 

=    8.83    X    10'^°  nCi/ml 
h.  Yes.  No. 

5.!  Efficiency,  =  |22 
opm 

=  =  "^SOOOdprn 

45.000  difa  x^^  =    750  dis/sec\ 


dls  ^  ICl  10°  uCl  Ip 

'From  Title  10,  Part  20,  Appendix  B  .  ^  \ 

Table  I,  Column  2  -  for -^^^Cs  '  * 

hayej  x  10^^  jiCi/ml  "      '  . 

2.03  X  10"^  <  3  X  10*"^* 

Yea,  stor^. tank  solution  can  be  disposed  of  through  the  sanit 


sewage  system 

6.  Correct  reading  to  jiOi  •  ^ 

300,000  dis/min  ^4   /  • 

^0  sec/min        =    5000  dis/sec 

_5x  10^  dls/sec  ,  ,         '-7        *     ■    ♦  1 

 10=  ^  =    1.35  X  10  '  CI  or  1.35  X  10  nCi 

3.7  X  lO-^""  dis/sec/Ci 

From.App  B       ■  From  App  C 

^Wsol     ,  '  ■• 

-2  ^  ' 

1  X  10     jiCi/ml     ^  100  (iCi  ^  ..  .. 

^  ■  '814 

'  787  ' 


From  App  C 

100  uCi  X  10   ■=    1000  )iCi 

« 

ve  have  1.35  x  lO'"*"  ^Ci"     I  , 

It  can  be  disposed  of  by  dumping,  if  it  meets  f^he^^'^qiiirement  of^ 
dilution,  with  the  monthly  water  supply.  >i  j 

-1      .  *  I 

^*3^  X  10 — [xCi    ^    13.5  ml  of  water  dumped  in  ^w)e!r  that  mon-th- 
1  X  10-^  jiCi/ml  ^  ,      ^  ■ 


Vr 


to  allow  disposal.   .  '  |  f' 

7.    Correct  reading  to  liCi  J 


480.000'  dis/min     ^    qoOO  dis/sec  ! 
60  sec/min 


3  •         /  * 

8  X  10^  dis/sec  .  ^  2.16  x  lo"'^  curies  pm.l6  x  lO"^  liCi* 
3.7  X  10-^^  dis/sec/Ci  •  -        |  g| 

From  App  B  From  App  C 


•  ■  1 

'  Table  I,  .Column  II  Sol  100  pCi  ''  '' 


1000  jiCi 
■-'■^uPi  meets 


65„.  1      .,^-3    r,i  /     '     100  uCi  X  10  -P 

o^^Ui.   i|  X  10  ^  liCi/ml  ^^^^  2.16  xf.l(i 

,  the  req^^irement. 

To  meet  the  dilution  requirement  |;';| 

2fl6  rlO^"^  ^Ci    ^    0.5^^  3c  10^*  ml  or  3^  ml  o|  waller.  ; 
'    k  X  10^-^  jiCi/ml  "  .     '  *        '  ^* 

"  The  total  water  u^d  was  50  liters.    If  this  is  the  average  daily 
*  sewage  water,,  it  ^an  be  dmped. 

8.    a.    This  radioactive  material  is  a  transport  ^bup  IV  item.'  The 
most  economical  type  package  would  be  type 'A  since  it  falls 
within  the  limits  of  this  t^ype. 

b.    Calculate  the  source  strength. 

S    =    0.^6  nCE  -  / 

S  =  0^56  X  0,09  X  0.3198  X  200 

^  S    =    3.22  mrhm 

Since  the  package  i&  0.5  meter  to  a  side,  if  the  source  is 
■  located  in  the  center,  it  wiU  be  0.25  meter  from  the  nearest 
side,    d'  =  0.25  meter.  * 


ERIC 
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R  = 

•R  = 

'  R  = 


d   

3.g2  mrhm 
(0.25)2 

3.22 
0.0625 

51.52  mraa/lir 
at  the  surface 


R    =  ^ 


R  = 


(1.25)' 


3.22 
l3^ 


R  = 

R    =   2.06  mrad/hr  at  1  mfeter  from 


the  surface 


.  .  No  shielding  is  required  since  "both  requirements,  are  met. 
Calculate  the  soiirce  strength. 


s 

=    0.56  nCE 

=x  0*56' X  O.lh 

X  1  X  0.875 

=   0.0686  rhm 

=    0.56  X  0.80 

X  1  X  0.6U6 

=    0.289  rhm 

=    0.0686  rhm 

+   0.289  rhm 

=    0.358  rh^  ' 

find  R  at  surface 

d     =0.5  meter 

R  '  =  4  ■ 


05, 


R  -  Q'358 

°  (0.5)'^  . 

R  =  Q-358 

0  0.25  ■  • 

ft^-  =  1.436  rad/hr  at  surface 

R  =  li^36  mrad/hr 

R,  ="  200  mrad/hr 
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•  1    0.693  -  n    =    2.9  (2"  Table) 


.2 


0.930  ,  Xi 


2 


Xi    =   0.7^5  cm  2.^9    -   0.  745  cm 


2 


gm 


n    _   1^36  X    =  2.3.6  cm 

200 

2^    =  f1»l8 

n/p  for  0.875  Mev^amma  in  lead    =  O.O819  cm  /i 

'  -1 

^   =    n/p  X.p  •  =  0.0819cm  X  11.35  =.  0.930  cm 

Find  R  at'  1  meter  from  surface 

n    =  l+.O 


1.5  meters 

0^ 
b  2.25 

R     =   l60  mrad/hr  U;0    =  Q^rrjc 

o 

10  mrad/hr  X-  =   2.98  cm 


cm 


R 
_n 


160 
10 


10.  a, 


t_  =    16.0  ■  ■ 

To  meet  all  requirements,  2.98  cm  of  lead  must  be  used' on  a 
side. 

This  is  a  transport  group  IV  item.    A  type  B  package  must  be 
.  'used  since  the  limit  for  type  A  packages    20  Ci)  is  exceeded, 
but  is  beloV,the  limit  for  type  B  (200  Ci). 

Calculate  the  source  strength  (from  page  1+05,  Pam  25).  - 

S    =    0.56  nCE      ..  ^ 

S    =    0.56  X  0.99  X  30  X  0,llll8- 

S   =   6,81+ rhra    =   681+0  mrhm      •  . 
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Surface^  Requirement 


3  ft  (l  m)  I^equirement 


0.25  meter 


1«25  meters 


R      =     ^  V 

o  (0.25)2 


o  tt:25) 


P„    =    109,  lAo  mrad/hr  =    k,3eQ  mrad/hr 

-S^  Reduce  to  IG  mrad/hr  •    Reduce  to  0.5  mrad/hr 

for  0.412  gamma   =^0.223  cm^/gm 
~0.400  0.23f 
0.412  n/p-^ 
0.500     0.  161  • 
0.012  X 


0.  10 


0.0.12 


O.t) 


Xi 


0.  100  0.-070 

X    =  0-070  X  0.012 
0.100 
/  '   '  X    =  0.0084 

n/p  =  0.23  b-  a.  008  '  .  .•  • 

=  0.223 

=    n/p  X  p    =^0.223x11.35.   =    2.53  cm" 

'=    0.693    ^    0^  ,^  02711 
.    n  .        2.53  ' 


cm 


At,  Surface  •'■   '  At  1  m  ft-om  SUrfane 

R„    =    109;hk0  mrad/hr    R^    =    2,,36o  nirad/hr  . 


=  0.277. 


oTT  ^  8,720 


R  •  = 

10  mrad/hr  * 

R 

2'?  = 

0.277 

109, kko 

■10. 

10,9^. 

'  8L8 

791 


n'   =     13.5  -     _  " 

X  '   =  =    13.5  X  O.27U    X     =  =    13.1  x  0.27U 


X     =     3.7b  cm 


X  3.59  cm 


,To  meet  all  requirements  3.T0  cm  of ' lead  must  be  used  on  each 
side.- 

7l)    Allow  the  isotope  to  decay  injbhe  storage  vault  until  its 
"activity  is  20  Ci  or  less.    Since  the  half-life  is  only 
■   •   2,7  days,  it  will  take  less  than  2  days,  for-  the  desired 
level  t©  he  attained. 

(2)  The  isotope  can  he  divided  and  shippe.d  in  two  separate 
type  A  packages-.  The  activity  in  each  would  he  I5  Ci, 
which  is  within  the  limit. 

Transport  index  is  0.5-  This  "is  within  the ■  acceptable  limit 
(50.).  -  .  ■    .        .  • 


■  ^ 
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Data  on  ^Co  (page  389,  Pam  25) 

7  energy  (total)  -  2.5057  Mey  (99*^6) 


3"  energy  -  O.319  Mev  (99*^6) 
'  -    0. 56  nCE  . 
«    0.56  X  0.99 -x  198  Ci  X  2.5057  ^ev 
»   275  *bn 
^rem   =    ^'^5  x  lo"**  nCZE? 


rem        — ^  "^""p 

=  1.85  X  lo-**  (0.99)(l98)(82)(p:3l9) 
-     =    0.-302  rhm- 

•  brem 
=    275  +  0.302    =    275.3  rhm, 
Surface  requifefaent  (d        O.25  m)i 

o         ,2  ^ 
a 

=   g^'5.3  rhnw  • 
(0.25  m)»^ 

=   MkX)  rad/hr   =    U.li.  x  lO^  mrad/hr 


R 

p 

R 


6  Jl 
-    '^♦'^  X  10   mrad/hr  " 
200  mrad/hr 

=    2.2  X  10**   =  "22G00 

=    1'*.5  (2"  Table) 
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V 


h/iJ  for  1.332  Mev.  -  O.058I  cm  /^n 
p  4   11:35  gm/cm^ 


«  \  0.659  cm" 
X^^2  -   0.693M  • 


0.0581  S-  ^  n-s?®. 


-1 


15.225  CO  <25  cm.  Conditions  in  pr»bie»  are  powike  for  surface 
requirements.  * 

One  meter  requirement  (d  -   I.25  a):  . 


225JLi*SB 
(1.25  m;  ^ 


■»n 


n 
X 


-  176-.2  rad/hr  -   1.762  ;x  10^  mrad/hr 

R  : 

1.762  X  10^  mrad/hr 
"  lOmraet/br 

-  i7620 

«   lJf.2  (2"  Table) 

-  lU.a  X  1.05 'cm 

-  em 

>    .  821 

794  ' 


/ 


1'^.9  cm 
requirement 


■  ■ 

<  25  cm^  Condi 


Conditions  in  problem  are  possible  for  1  meter 


Yea,  problem  conditions^ are  possible,  but  obviously  not  practical: 
Prom  problem  (l): 


»    0.5  mrad/hr  for  White  I  label 


R 


^    2>783  X  10^  Ihrhm 
0.5  mrad/hir 

«    5^566  X  10^  m^             '  .  - 
d   =    7^5  meters  * 

tide  of  container   =   2  x  7^5  meters  =    1U90  meters 

*  — — —  II-, 

Again,  jtilghly  impractical. '  ' 
.a.         a   256  cpm  -  6  cpm   =   250  cpm  at  \  hours 
=»   218  cpm  -  6  cpm   =    212  cpm  at  28  hours 
i  for  (28  -  U)    =  .  2h  hours  is  0.208 
C      -    ^2  -  ^1  * 

.  212  ~  52 

"  ':i6o  ^ 

0.792  . 

=    202  cpm 


ml     =    (ft^)  X  (2.832  X  10**)  * 

'=    10,000  ft^  X  2.832  X  10' 

.8 


2i832  X  10°  ml 


dis/rain-ml  '  =   „y    ■  ^„  , 

-  V^mi;.  X  E--  X 

ff  fc 


202  cpm 
.8 


2.832  jc  10^  ml  X  0.80  X  0.05 
1.783  X  10"5 

822 
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liCi/ml  =    (dis/min-nl)  x  lf.505  x  lO"  ) 
.   1.783  X  10"?  xh.^x  10"'^ 
»   8.03  X  10'^  - 


'  Title  10,  Part  20,  Apl>endix  B,  Kote  2,  eittbU  Jti  2  Ox  10^ 
uCi/ml  M  the  limiting  v«liie  Itor^an  unknown  r*iioi»clide  for 
Table  II,  Column -l-^lowftr.. limit  for  unrertricted  area). 

8.03  X  10*-^  |iCi/iil'>  2.0  X  lO"-'-'*  ^Ci/«1 

The  concentration  ^  exceed  the  Umit  for  an^unreitricted  area, 
ll*.    Data  on  ^Tc  '(pa«e  27^^,  Pan  25) 

•r  energies  -  Total     ^  '■  ■ 

■      0.32(5*)^  , 
0.778  (IOO5I) 

0.81  m>) 

.0.851  (lOOlt) 

1.12  (ie<) 

I  .  (0^H5^i)C(0.05)(0.32)  +  (l)(0.778)  Mo.8l.)(o.8i)  ^f^'^^^ 

-  (0.56)(5oCi)(0.0l6«).778+0.680»f+0.85i+0.1792)-(0.56)(5«Ci)(2..505)  ^ 

-  7.01     "  "  ■  ' 
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Surface  requirement: 


S 
If 


7,01  mrha 

200  mrad/hr 


^    =   0.03505  o 
'  d     «   0.187  meter 
container  size   «   2  x  O.I87 


One  meter  requirement: 


^0.37^  ««ter 

/ 


2     ■  S         7«01  mrhm      •  f 

d    -   R     "  W"mrid/hr 
'  o 

<         2  ' 
«   0.701  « 

d     «   0.838  weter  •  " 

Container  siife  W   2  x.O.838  -   1. 676  meter. 

Use  1  meter  requirement.  Minimum  size  of  container  is  l.fetem 
per  side* 

■  •  823 
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15. 


16. 
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Refer  to  page  lf03,  Pam  25,  ^or  eaergle«.«ad  percenta«^«  for  aource 
strengtn.  /  '  ' 


3  .energy  and  percentages 

0.672  Mev 
0.536  Mev  {k2i) 
0.2k  Mev  (U.5^J)' 

Refer  to  page  ^fOB,  l^aa  25, 
for  maximum  beta  energy  • 
for  shielding  -  O.672  Mev. 


7  energy  and  percentages 

1.20099  (»».5^) 
0.92067  (h2i) 
O.TSk^  (hSi) 
0.690lf  (3.9i) 

Refer  to  page  3^,  Paa  25, 
for  maximum  gaana  energjr  -for 
•Melding  -  0.612  Mev. 


+  ^ 
Neglect  3  ,  ^  ,  and  r  energies  at  less  than  3%  frequency. 

Ikl 

Data  on"     Ce  (page  kOl,  Paa  25) 

7  energy  -  O.IU53  Mev  (jCff,) 
66 

.    Data  on     Rb  (page  39I,  Pam  25) 

7  energy  -  I.O78  Mev  (8.8^6) 

Data  on     "Tig  (page  U05,  Piam  25) 

7  energy  -  0.2791  Mev  (lOO^t)' 
198 

Dat.a  on      Aug  (page  1*05,  Pam  25) 

7  energy  -  O.U1I8  Mev  {9Si) 
Neglect  all  particulate  energies. 

S     =   R^d^    «    5.5.nirad/hr  X  (2  m)^. 
«   22  mrhm 

Calculate  the  activity  of  each  of  the  radionuillijes  equivalent  to  a 
scurce  strength  of  22  mrhm.  /    ■  ' 

^    =   0.56  nC?  •  y"^'- J 

S 


C  = 


0.56  nE 


824 
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.9. 


for  ^"^^Ce: 


•  22  1^ 

a. 5^  X  0.7  X  o.ww  t^y  ] 

«   386  mCi  -  Iinpo«»itXe  (  >  100  nCl) 


8fi  ' 
for  .Rb: 


-  klk  ■Ci  -  Impoiiible  ^  y 

.  ^   "'  .0'.^  X  1.6  X  O.S'tel  M«v  ' 

-  'llfl  'inCi  -  ImpoMlble 

for  ^^Au:  ,   •       .  -       *  x 

22'iarbp 
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^.     C   -  0.56  X  0.^  X  0.iHlB  MeV 

'      m     <^,k  OCi 

'    Ttaw,  tduat  b«  the  unknown  rafllonucUde. 

17.    a.    Data  on  ^^Ag  (page,  282,  Pam  25)      ^  *  . 

0.6llt  (90») 

0.722  (90jt)     ^  ^  • 

8  -  0.56  CCnB  '    •  J  ^  .  / 

.  (o.56)(l.5  ,Ci)t(o.a5)(o.o8)>(o.89)(bA3».)>(0.9)(oii'^Ho^k 

.  (o.56)(1.5«CI)(O.0O1«*O.386K).553+O.65o)   ,  l^,. 

-  1.339  Brh"  i  ' 

■  798  '  . 

f 

'  •     ■       825  •  ,'  •  '  .  ' 


=   1».339  torhm 
(0.25  m)^  , 

=    21.4  mrad/hr 

Radioactive  White  I  label  requires  that  the  surface  6osh  rate 
be  less  than  0.5  mr&d/hr.        .  .' 

Thus,  this  source  cannot  be  shipped  under  a  White  I  label. 
Rq    =    21.it  mrad/hr  ,  ■  . 

R     =    ?  ■ 

X     =    1  cm 

^max    ^    °-722  Mev         ^  '  ' 

« 

li/p    =    0.1027  cm^/gm    >  r 


'p  X  p    =    0.1027  cm^/gm  X  11.35  gm/cm^ 


1.167  cm'"!" 


Y,    -    Q'693    _  0.693 


■SfT  T    =    0.59^  cm  %\ 

1T167  cm"-^ 


n         =      2L  = 

Xi         0.594  <im  5.05 

2 

2"    =    32  (2"  Table)       ■  ' 
R  • 

R     =   -2   =    ^3-*^  mrad/hr^ 
2^  32 


=    0.669  im  -i/hr  •  '  . 

Thus,  the  source  cannot  be  shipped  radioactive' White  I  label  ' 
when  we  consider  3  cm  of  lead  shielding  since  the  dose  rate 
is  greater  than  O.5  mrad/hr.        '       '    ■         ,  ' 
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18.    Data  on  '^ka  (page  256,  P«  25) 
r  energy  -  0.03^  Mev  (9^) 
Ho  particulate  energy. 
S   «    0.56  nCE 

'  -    0.56  X  t).09  X  100  aCi  X  O.r05«*  Mev  -  . 

M   0.272  mrhffl 
Surface  rec})iirement: 

S  •*  ^     0,^72  Biftyn 
-  -     o        r        (0.5  o)     '  ^ 

=    1.09  mrad/hr  <  10  mrad/hr     OK  ^ 
One  tae^er  requirement: 

S         0,272' mrbm 

m    0.0121  mrad/hr 
0.0121  mraa/hr  <  0.5  mrad/hr     OK  - 

^,  .,o  .hieldlng  is  «=.....y  to  «=.t  r.U»  II  1.^1  r.,plr«nt.. 
19.  '  Data  on  ^^Zn  (page  390,  P«n  25)  ^ 
r  energies  -  1.115  Mev  (1^)  ' 
.  R   a    10  rad/iuf> 
X   -    2  CO  '  « 


IT 


E  «   0.0587  CO  /gm 
p  «   2.699  gn/co-^ 

3 

„   „   Hp   a   O.058T  co^/go-x  2.699 
P 

' .  «   0.158  co"'^ 


♦       .  0^  .  0.69?  - 

^  Ovl5S.cni 

«  1»..39  CO 

ERIC  .     .  /  800  IjS, 


n   a   -        _   2  cm 


=  O.U56 

2"      I.U15  (2"  Table) 

=  R  X  2"  =  10  rad/hr  x  l.kl3 
=    1^.15  rad/hr 

"o' 

^    35**  rhm 


S     =    R^d     =    1U.15  rad/hr  x  (5  m)^ 


S     =0.56  nCE 

.  S  =  0.56  X  0.U9  X  C  X  1.115  Mev  =  0.306  C  rhm 
Since  S   =    35U  rhm 

p    _    li^  rhm  '  '  • 

0.306  • 

=  1137  CI 
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DZ040,  References  for  Radiological  Safety  ' 

References. 

A.  Special  Texts  and  Pamphlets.  — 

1.  ST  3-155,  The  Theory  and  Operation  of  Radiac  rnstrumexits. 

2.  ^     Pam  25,  Radiological  Handbook; 

3.  Radiological  Safety  Handbook.  ( 

B.  Department  of  the  Army  Publications. 

1.  General: 

FM  3-8,  Chemical  Corps  Reference  Handbook 

FM  3-12,  Operational  Aspects  of  Radiological  Defense. 

FM  21-li0,  Chemical,  Biological,  Radiological  $nd  Nuclear  Defense 

FM  21-21,  Soldier's  Handbook  for  Defense  Against  Chemical- and 

Biological  Operations  and  Nuclear  Warfare. 
TM  3S-75O,  The  Army  Maintenance  Management  System  (TAM>{3). 
DA  Pam  39-3,  The  Effects  of  Nuclear  Weapons. 

2.  Accident  Control  ani  Emergencjr  Procedures. 

,    AR  50-2,  Nuclear  Weapon  Accident  and  Incident  Control  (NAIC) 
AR  ^0-13, Radiological  Emergency  Medical  Teans  (REMf). 
FM  3-15,  Nuclear  Accident  Contamination  Control. 
T3  335-2,  IJuclear  Weapons  Firefighting  Procedur-es. 

TM  3-220,  CBR  -Decontanination  ^ 

TM  5-225,  Radiological  and  Disaster  Recovery  at  Fixed 

Military  Installations. 
TM  5-315,  Firefighting  ani  Rescue  Operations. 
DA  Pam  352^9,  Training  in  First  Aid  and  Emergency^Medical 
Treatment.  ,  * 

3.  Radiac  Dose  Rate  Instramenrt-s-r- 
a.  General. 

T3  Si^  225,  Identification  ani  Haidling  of  Radioactive 

Signal  Items. 
TB  Sig  31^6,  Maintenance  of  Radiac  Equipment. 
T3  li-^5-229-15/1,  Calibration  and  Maintenance  Calibration 

Beqairenieflts  for  Radiac  Equipment. 


•X 
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b.  Raiiac  Set  M/PDR-27(J)  . 

TM  ll,-55i^3,  Radiac-Sets  Alf/PDR-27(A) ,  AN/PDR-2T(C)  ,  . 

AN/PDR-27(E)  .  .  ,  X        /  /„N 

TM  11-6665-201- 12P,  Radiac  Sets  AN/PDR-27(A),  ■M/PDR-27(E) , 
aVpDR-2T(G),  AN/PDR-2T(j5,  AN/PDR-27(K)  , 

.TM  U-6665-^09-15,  Radiac  Sets  AN/PDR-27< J) ,  AN7PDR-27CI')  , 

'■*:^m/PDR-2YST7^  ■  . 

m.  11-6665-228-15,  Radiac  Set  AN/PDR-27(G) ■ 

TMia^6665-22U-15,  Raiiac  Set  AN/PDR-27(P). 

TM  lL^5-230-15,  Radiac  Set-AN/PDR-2r(R) 

c.  Radiac^ Set  AN/PDR-5'+.    •      '  ' 

.     TM  11-6665-203-15,  Raiiac  Set  All/PDR-5i^. 

d.  ■  Radiac  Set  AN/PDR-60  (IM-I70) .  .  „'  • 


TM 
TM 


U-6665-2l6-'i§,  Radiac  Set  AN/PDR-60  (PAC-ISAG) , 
11-6665-221-15)  Raiiac  Set  AN/PDR-60  (PAC-35AGA), 


e.     Radiacmeter,  .IM-17i^(\)^PD.  *  .  • 

TM  11-6665-213-12,  Radiacmeter  IM-I7VPD. 
TM  1-1-6665-232-12,  Raiiacnieter  IM-17i^(A)/PD, 

Radioactive  Test  Samples,  Calibratdrs,  aad  the  Amiy  Calibration 
System. 

a.      Gensral.    "  .      •  • 

AR  700-52,  Licensing  and  Control  of  Sources  of  Ionizing 
Radiation. 

AR  725-1,  chapter  3,  Control  of  Radioactive  Calibration 
aad  Test  tX^wz  of  Suppjy. 

AH  750-25,  Army  Metrology  and  Calibration  System. 
FM  39-27,  Army  Calibration  Company. 

TB  Med  2^9,  Protection  Against  Radiation  from  Sealed  \ 
Ga-mia  Sources  (NBS  Handbook  73)  •  - 

;b,      Radiac  Calibrator/  AN/TOM-IA.      ^  -      •  . 

TM  11-6665-217-15,  Radiac  Calibrator  Set,  AN/UDM-LA.  . 
c.      Radiac  Calibrator  AN/IDM-6. 

TB  3-6655-203-12,  Calibrator,  Raiiao,  AN/UDM-6. 
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Radlac  Calibrator  Set,  To-jSki;  )/PD. 

TB  11-6665 Safe  Handling,  Storage,  and  Trans- 
portation of  Calibrators,  Radiac,  To'78k{  )/'Pl). 

TM  II-6065-20U-I2,  Calibrators,  Radiac,  TS-73U(  )/PD. 

Tt^  II.6665-20U-5O,  Calibrators,  Radiac,  TS'jQki')/^!). 

TB  9-6665-280-50,  Calibration  Procedures  for  Radiac 
Calibrator  TS-78i|(  )/PD. 

Source' Set  M3  and  M3AI.  , 

TM  3^6665-21^^-15,  Radioactive  Source  Sets  M3  and  M3Air 
SB  3-30-209,  Radioactive  Sourqe  Set  M3,  Serviceability 
Standard. 

Test  Sample,  M6. 

TB  Cml  52,  Radioactive  Test  Sample;  Strontium- 90, 
Yttrium-90,^  M6. 

Test  Sample,  MJ. 

TM  3-6665-271-10,  Radioactive  Test  Sample,  Uranium  Oxide, 
Alpha,  M7. 

Test  Sample,  M3. 

AMTC  1639,  Radioactive  Test  Sample,, U3O8,  M8. 
TM  3-6665.300-10,  Radioactive  ^est  Sample,  Uranium  Oxide, 
Alpha,  MS. 

Test  Sample,  M9. 

TB  3-6665-259-10,  Radioactive  Test  Sample,  M9. 
TB  9-6665-280-50,  Calibration  Procedures  for  Radiac   ^  • 
Calibrator  TS-78i;(  )/PD. 

Test*  Sample,  MX1083(  )/PDR-27(  ). 

TB  3-6665^200-12,  Radioactive  Test  Sample  MX1033/PDR-27. 
TB  3-6665-201-12,  Radioactive  Test  Sample  MXIO83B/PDR-27. 
TB  3-6665-20U-I2,  Radioactive  Test  Sample  MX1033D/PDR-27. 
SB  3.-30-300,  Radioactive  Test  Samples,  Serviceability 
Standard. 

Test  Sample,  M!:7338/PDR.27R. 

TM  3-6665-26i^-10,  Radioactive  Test  Sample  MX7338/PDR-27R. 
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5.  Radiation  Dosimetry.  ,  .    '        *    .  • 

AR  h0-2'{,  Personnel  Radiatioa  Exposures. 

AR  UO-li^,  Control  and  Rf^cordiag  Procediires  Occupational 

Exposure  to  lonj-zia^  Radiation.  , 
TB  Sig  226-3,  Cha-ger,  Radiac  Detector,  PP-15T8A/PD* 
TB  11-6665-215-12/1,  Charger,  Radiac  Detector,  P?-15T8A/PD. 
TM  ll-6665'-2lU-10,  Radiacmeters  IM-93(  IM-IUt/PD, 

and  IM-9E/PD. 

SB  11-206,  FilJTi  Badge  Supply  and  Service..for  Technical. 
Radiation  Exposure  Control. 

6.  Waste  Disposal, 

AR  755-15,  Disposal  of  Unwanted  Redio^tive  Material, 
m  3-260,  Operation  of  Radioactive  Material  Disposal  Facilities, 
TIvI  3-261,  Haadlias  and  Disposal  of  Unwanted  Radioactive  Material. 
SB  5-103,  Disposition  of  Excess  Radioactive  Engineer  Personal 
Property.  • 

7.  Tr;ansportation  of  Radioactive  Materials.  . 

AR  55-55,  Transportation  of  Radioactive  Fissile  Materials 

Other  than  Weapons. 
TB  TC  7,  Safe  Transport  of  Radioactive  Materials 2 
TM  p5-602;  Movement  of  Special  Freight. 

NCRP  Reports. 

1.  No.  8,  Control  a.id  Removal  of  Radioactive  Contaiiination  in 
Laboratories  (l95l)* 

2.  No.  9,  Recommendations  for  Waste  Disposal  of  Pho3phorbus-32 

and  Iodine-131  for  Medical  Users  (l95l)- 

3.  No.  12,  Recommendations  for  the  Disposal  of  Carbon-lU 
Wastes  (1953)*      _  ^- 

li.     No.  lU,  Protection  Against  Betatron-Synchrotron  Radiations 

up  to  100  Million  Electron^olts  ^(195^)- 

5.  No/16,  Radioactive  Waste  l^isposal  in  the  Ocean  (l95^)* 

6.  No.  17^  Permissible  Dose  from  External  Sources  of  Ionizing 
Radiation  (195^)  with  Addendum  (1958). 

7.  .1!JQv-?0,  Protection  Against  Neutron  Radiation  up  to  33  Million 
'Slednfon  Volts,  •  '      '  ^ 
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8.  Nd.v21,  Safe  Handling  of  Bodies  Containing  Jladioactive  ~" 
Isotopes  (1958).  \  ■       :  '  * 

9.  No«  22,  Maximum  Permissible  Body  Burdens  and  MeLximurh      y  * 
Permissible  Concehtrations  of  Radionuclides  in  Air  and  Water 
for  Occupational  Exposure  (1959)  with  addendum  (1963).  ' 

10.     No.  23,  Measiirement  of  Neutron  Flux  and  Spectra  for  Physical 
and  Biological  Applications  (I960). 

^11.     No.  24,  Protection, Against  Radiations  from  Sealed  Gamma  • 
\      ^Sources  (I960). 

12.     No.  25,  Measurement  of  Absorbed  Dose  of  Neutrons  and  Mixtures 
•  of  Neutrons  and  Gamma  Rays  (1967). 

13:  No.  26,  Medical  X-Ray  Protection  up  to  Three  Million  Volts 

.  (1961). 

14.  No.  27,  Stopping  Powers  for  Use  with  Cavity  Chambers  (1961)*  , 

15.  No.  28,^  A  Manual  of  Radioactivity  Procedures  (1*961). 

16.  No.  29,  Exposure  to  IJiadiation  in  an  Emergency. 

17.  No.  30,  Safe  Handling  of  Radioactive  Materials  (1964). 

18.  No.  31,  Shielding  for  High-TEnergy  Electron  Acceterator   

Installatiojxs  (1964).  ^ 

19.  No.  32,  Radiation  Protection  in  Educational  Institutions  (1966). 

20.  No.  33,  Medical  X-Ray  and  Gartima-Ray  Protection  for  Energies 
up  to  10  Mev  -  Equipment  Design  and  Use  (1968).  ^ 

21.  No.  34,  Medica4^X-Ray  and  Gamma-Ray  protection  for  Eriergies 
up  to  10  Mev  -  Structural  Shielding  Design  and  Evaluation  (1970). 

•   22.     No.  35,  Dental  X-Ray  Protection  (1970).* 

Note:       NCRP  reports  have^replaced  National  Bureau  of  Standards  Handbooks. 
They  are  available  from: 

<■  ♦ 
NCRP  Publications  '  *  ^ 

Post  Office  Box  4867 
'  Washington,  - D.  C.  20008 

■  8^7 

o    ■  '  ^  •  ,  834  ^  :  ^  ^ 


D.  *  Code  of  the  Feieral  Register,  Title  10. 

»  * 

1.  -  Part  20,  Staniards  for  Protection.  ^ 

2.  Part  30,  Licensing  of 'Byprodact  Material. 

I  '  . 

3.  Part  31,  Radiation  Safety  Requirements  for  Radiographic 

Op^eratioas.  ,  .  '  - 

U.      Part  UO,  Control  of  Source  Material. 

5.      Part  70,  Control  of  Special  Nuclear  Material. 

E*.      Tarrif  llo.  23,  Agent  T.C.  George,  Publisher,  Depai'tm^ent  of 

'Transportation.    Transportation  of  Explosives  and  Other  Dangeroas 
Articles  by  Lani^and  Water  in  Rail  Freight  Service  and  by  Motor 
Vehicles  ani  Water,  including  Specifications  for  Shipping  Containers. 

•F.  *. Jerome  E.  SunfiSer,  Jr.,    "General  HaadbooX.for  Radiation  Monitoring," 
LA-1835  (3d  Ed.),  Los  Al^os  Scientific  Laboratory,  Los  Alamos,  New 
Mexico,  1953.  \  -  '  t 

G.  Handbooks.  ^  .  ' 

1.      Table  of  Isotopes,  6th  Ed.,  C.  M.  Lederer.,  J.  M.  Hollander,  and 
I.  Perimaa/ 1967,  John  Wiley  S:  Sons,  Inc'. ,  New  ifork. 

W     -Radiological  Health  Ha^idbook;  Jan  1970,  US  Dept  of  HEW,  PH^.; 
Rockville,  Md  20-352! 

H.  Textbooks. 

1.  T.  Moeller,  "Inorganic  Chemistry,"  John  Wiley  &  Sons,  1952. 

2.  R.  D.  Evans,  "The  Atomic  Nucleus,"  McGraw-Hill  Book  Co.,  1955-^  - 

3.  J.  B.  Birks,  "Scintillation  Counters,"  Pergamon  Press,  New  ^ 
Y(3rk,  19^0.  •  ,  "  , 

h.      M.  Haissinsky,  "The  Chemical  and  Biological  Action  of  Radiations 
Academic  Press,  London,  196I. 

'  *  ) 

5.  A.  A.  Keil,  "Radiation  Co.atrol  for  Fire  'and  Other  Emergency 
^  •   Forces,"  National  Fire  Protection  Association*,  196O.  -* 

6.  R.  T.  Overman  a.id  H.  M.  Clar,  "Radioisotope  Techniques," 
McGraw-Hill  Book. Co. >  I96O. 

»        ♦  • 
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7*     G.  D,  Chase  and  J.       RaMaowitz, "Principle's  of  Radioisotope 
Methodology,"  Burgess  Publishing  Co/,  X962, 

8.  W.  J.  Moore,  "Physical  Chemistry,"  2d  Ed.,  Preatiss  Hall'  Jnc, 
1955.  '  ,  •  .  .    ^  - 

9.  E.  deBarry  Barnell^d      'L.  Wilson,  "Inorganic  Chemistry,  ' 
2d  Ed. ,  ^Longjnarfs,  Green  &  Co,,  1957, 

^10.      H.,Semat,  ^'Introduction' to  Atomic  and  Wuclear  Physics,"  Uth 
^Ed.,  Rinehart  &  Co.,  195^^.  ^  ' 

11.  G.  Friedlander  and  J.  W.  Kennedy,  "Nuclear  and  Radiochemistry," 
John  Wiley  &  Sons,  1955. 

12.  H.  BXatz,  Editor,  "Radiation  Hygiene  Handbook,"  McGraw-Hill  ' 
Book  Qo. ,  1958.    2d  Ed.,  1961^.  '  .  '  * 

»  ^  /    -  .         ^  •         *     ,  ^  ' 

13.  W.  J,  Price,  "Nuclear  Radiation  Detectibn,"  McGraw-Hill  Book 
Co.,  I95S.  ^  2d  Ed.,  1964.  '  ,  .  * 

Periodicals.  '  * 

1.  G.'^N.  Walton,  "Nuclear  FissjLon/*  Quarte^cly  Reviews^  15^  1,  1961. 

2.  W.  L.  Bush  and.R.  K.  Swank,  "Effioient  Plastic  Scintillators," 
-    Nucleonlcs.il,  11,  1953.  ,  — - 


3.      R.  K.  Svank,  Nu:^leojlics  12,  ik,  193k. 
'other  Publications. 

1.      Oak  Ridge  Radioisotope  Conference,  "Research /Application  to 
Physical  Science  and  Engineering,"  19(d3.. 

,2.      H.  Goldgt^in*and  J.  E.  Wilkin's,  Jr.,  "Calculations  of  the  ' 
J         Penetration  of  Gamma  Rays,"  NY03075,  USAEC, 

'A' 
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II.     Lesson  Plan  Outline: 

A.    As  new  uses  for  ionizing  radiation  are  being  incorf(orated  into  the 
military,  the  quantity  of  radioisotopes  and  radiation  producing  devices  at 
individual  US  Axn.y  installations  is  increasing  immeasurably.    Tlieye  has  been 
a  corresponding  increase  in  the  need  for  qualified  Radiological  Protection 
Officers  (RPO).'  Interviews  with  Chemical  Officers  at  various  installations 
indicate  lhat  usually  a  Chemical  Corps  Officer  is  assigned  the  additional 
duty  of  RPO.    The  purpose  of  this  article  is  fourfold: 

1^.     To  define  the  duties  of  tl\e  RPO.  ,  • 

2.  To  list  pertinefit  references  necessary  for  tlie  performatnces  of 
these  duties.       *  ^ 

3.  To  give  additional  information  not  covered  by  :r emulations.  ^ 
,4.    ^To  list  the  training  a^ilable  iu  radiological  safety.  ^ 

B^.    A  Radiological  Protfection  Officer  is  defined  by  Army  regulation.as: 
"an  individual  designated  by  the  cpmmander  or  activity  to  provide  consultation 
and  adyice  on  the  degrjee  of  hazards,  associated  with  ionizing  radiation  and  the 
effectiveness  of  meas^ires  to  control  these  hazards.  "  His  specific  duties 
include  advising  the  commander  ctnd  his  staff  on  the  h^dling,  st^orage^  and 
shipping  of  radioactive  material  cuid  radioactive  waste.    The  RPO  conducts  , 
environmental^ surveys  to  include  instrument  surveys,  radiological  smears 
or  wipes,  and  air  sampling,  as  Required.    The  RPO  is  required  to  conduct  a 
semiannual  physical  inventory  of  all  radioactive  material^  under  his  control 
and  maintain  appropriate  records.    He  will  have  to  maintain  some  type  of 
dosimetry*  and  appropriate  records  fqr  any  radiation  workers  he  may  have 
ori  the  installation.    A*nd  finally,  ,tRe  KPO  may  be  required  to  have  a 
.Nuclear 'Regtilatory  Commission  (NRC)  license  or  DA  authorization  for 
certain ^ypes  and  quantities  of  radioactive  materials.'  ' 

C.    It  becomes  obvious  that-.tEelitle  Raciiological  Protection  C^fficer  may 
encompass  anything  from  an  assigned  additional  duty  to  a  full  time  job 
depending  on  the  type  and  amount  of  .radioactive  materials  or  radiation  ^ 
producing  devices  on  the  installation,  "in-order  to  fulfill  his'^assigned  duties, 
the  RPO  must  be  familiar  with  the  pertinent  basic  regulations^Congress  has 
estafilish'fed,  by  law,  the  general  radiological  safety  requirements.  These 
requirements  are  contained  in  Title  10,  Code  of  Federal  Regulations  (10  CFR) 
which  is  available  from  the  Government  Printing  Office.    Part  20,  10  CFR, 
Standards  for  Protection  Against  ^Radiation,  is  the  basic  reference  for  ^ 
radiological  saffety.    Parts  30,  31,  33,  34,  and  40 *apply  to  Specific  licensing 
requirements  for  NRC  licenses.    The  Army  regulations  all* use  10  CFR  as  a 
basic  reference* 


D.    While  the  previously  listed  reference  materials  may  appear 
exhaustive,  not  all  the  information  needed  can  be  readily  extracted.  Fox 
example,  no  individual  license  or  DA  authorisation  is  required  for  the  M3 
Source  Set'or  the  TS-784  Radiac  Calibrator.   These  items  are  licensed  (o 
APG-EA  (M3)  and  to  Lexington  Army  Depot  (TS-784).   Additional  information 
is  contained  in  AR  725-1,,  chapter  3,  dat^d  22  September  1970.    Film  badge 
service  is  available  from  Lexington  Army  Depot  and  Sacramento  Army  Depot. 
Pertinent  information  is  contained  in  SB  11-206.   The  US  Army  Environmental 
Hygiene  Agency  provides  radiological  hygiene  surveys  and  investigations  in 
accordance  with  AR  725-1,  chapter  3.   These  surveys  are  by  request,  but 
hiust  be  made  at  least  once  every  3  years.   Technical  advice  on  safe  handling 
3nd  storage  of  radioactive  materials  is  available  from  the  Surgeon  General 
in  accordance  with  AR  700-52.   It  should  be  apparent  that  the  Radiological 
Protection  Officer  has  a  wide  variety  of  duties  and  considerable  responsibility. 
The  necessary  training  to  satisfactorily  accomplish' his  job  is  available  by 
both  resident  instruction  (Radiological  Safety  Course,  3  weeks)  and 
correspondence  courses  (SC  345' and  346)  from  the  US  Army  Ordnance 
Center  knd  School.    Courses  are  ajso  taught  by  the  Department  of  Health, 
Education  and  Welfare.    Public  Health  Service  catalogs  can  be  obt?iined 
from^ 

Director,. Training  and  Manpower  Development  Program 
National  Center  fo'^  Radiological  Health 
*  t  1901  Chapman  Avenue    *         .  .  * 

^    Rockville,  Maryland  20852 


III.  ,  "  Handouts:  None 

» 

IV.  *  Problems:  None 
V.  •  Solutions:  No*r^ 
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UNITED  STATES  NUCLEAR  REGULATORY  COMMISSION' 

RULES  and  REGULATIONS 

TITU  It*  CHAFTEIt  1.  CODE  Of  FEObtAt  REOULATlONS-DiPtOY 


NOTICES,  INSTRUCTIONS,  AND  REPORTS  TQ  WORKERS; 
INSPECTIONS 


See. 

19.'!  Purpofe. 

19.2'  Scope. 

19.3  £>«nnitions. 

19.4  Interpretttions. 

19.5  Comrourucations. 
19.11  Posting  of  notice  to  worker^ 
19  13  Instruction  to  workers. 

19.1 3  Notifications  snd  repyrtt  to  in<fivtduab 

19.14  Presence  of  representatives  of  bceruees 
and  workers  dunng  inspections. 

19.1 5  Consuttalion  with  workers  during  in* 
spections. 

19.16  Requests  by  workers  for  inspections. 
19  17  '  .     -  - 


(c)  "Worker^  mean^  &n  indlTidu«I  i  aued  p^rramt  to  SubpcH  B  of  Fvt  2  of 
entaced  in  activities  UcensecPbr  the  Com- '  4  thU  chft;>t«r,  sad  mny  mpooM  from  the 
mlstlon  and  coVitrolled  by  a  licence,  Uceniee. 

but  does  not  Include  the  Ucentee.  ^    (b)  If  poitinc  of  a  document  «)eclfledi 

(d)  "Llcei^**  m^nj  a  license  Isiuedl  cr  in  paracraph  Ca)  (1),  (2)  or  (3)  of  ihii 
under  the  refuUUons  in  Parti  30  throuch     aectlon  is  not  practicable,  the 
35.  40.  'br  70  of  this  chapter,  indudlnf ,  $  mar  Poct  a  notice  which  deKrlbes 

document  and  states  where' U  o^ay  bt 
examined. 


licenMs  to  operate  a  production  or  utlU- 
zatlon  facility  )>ursuant  to  Part  50  of  this 
chapter.  'Xlcenaee**  means  t}^  holder  of 
such  a  license, 
(e)  "Rertrlcted  area**  means  any  axe* 


7      Inspection  rwt  warranted. infornul  re  r^-  ♦^T— ul^iri-  »^^r^^^.^/ 

vie^.  *^  access  to  which  is  controlled  by  the  11- 

19.30  ^VioUtions.  ~  '  '  ' 

19.31  Application  for  exemptions. 

19.32  Ducnminatibn  prohibited. 


I  do 

Pl< 
I  ce 


(c)  Form  NRC-S,  "NOUce  to  Em- 
ployees", shall  be  potted  by  each  li- 
censee wherever  indivlduali  ynoxt  la  or 


AtmioitrTT  Sees  53.  63,  81.  103.  104.  101. 
Pub  L  n^703,  ftS  SUt  930.  d33.  935?  ^30, 
937.  948.  u  ajuende<3  (43  XS&JC  7(m,  2093. 
3111.  3183.  3134,  2301).  Sec.  401.  Pub.  L  93- 
438.  88  sUt.  13^  (42  VJS.C.  6891) 

"5  19.1  ParpoiM?; 

The  regulations  in  this  part  eitabllsh 
requirements  for  notices.  Jinstructions. 
and  reports  by  licensees  to  individuals^ 
participating  in  licensed  activities,  and 
,  optlozis  available  to  such  individuals  in 
connection  with  Commission  inspections 
of  licensees  tp  ascertain  compliance  with 
the  provisions'  of  the  Atomic  Energy  Act 


w  ccnsee  for  purposes  .oC  protection  of  in-  frequent  any  portion  of  a  restricted  area. 

=  S^f^ll^Ji^.SSSS^^!^?^   "5  «'   No^-  Oopie*  ^  ^  NRC-3  msy  b»  Ob- 

«IJ5?!fn^  itiS^l*^  ,55**^^  t*laM  brWltla^  to  th*  Dlrtctor  of  tb* 

shall  not  indude  any  areas  used  as  resU  u.-„ppropri»u  vs.  Ni&letr  ReguUtory  Com- 

dentlal  quarters,  although  a  separate  5  miwion  in*p«cUon  and  Enforcement  JU- 

room  or  rooms  in  a  residential  building  1  .gioiui  Offlc*  luted  in  Appendix  "D".  Part  ao 

may -be  set  apart  as  a  restricted  area.  "  ~' 

§  19.4  IntcrpreuUons. 

Kxcept  as  specifically  authorized  by  the  • 


I  oi  thlx  chapter,  or  the  Director.  Office  of  In- 
I  ^pectlon  and  Enforcement.  VJi.  Nuclear  Reg- 
[jUatory  OommlMloo.  Washington.  D  C' 30855. 


Commission  in  writing,  np  interpretation 
of  the  meaning  of  the  regulations  in  this 
part  by  any  officer  or  employee  o^^  the 
Commission  other  than  a;  written  in- 
terpretation by  the  General  Counsel- will 
be  recognized  to  be  binding  upon  the 
Commission. 
—  1 

§  19.5  Comraunicationji. 

Except  where  otherwise  specified  in 
t!iis  part,  all  communldRtlonsand  reports 


o  felons.        ,  ^ 

-519:2  Scojie. 

\rh^  regulations  in  this  part  apply  to 
all  perso(is  who  receive,  posses^  use,  or 
transfer  material  licensed  by  the  Nuclear 
Re^fulat^fy  Commission  pursuant  to  the 
regulations  in  Parts  30  through  35.  40, 
•r  70  of  this  chapter,  including  persoxis  li- 
censed to  operate  a  irtrpduction  or  utlU' 


(d)  Documents,  notices,  or  forms! 
'posted  pursuant  to  this  section  shaU  ai>-' 
pear  in  a  suCSclent  number  ot  places  to^' 
permit  Individuals  eniag6d  in  licensed' 
activities  to  observe  them  on  the  way  to 
or  from  any  particular  licensed  activity 
location  to  which  the  docximent  applies, 
Shan'  be  conspjjcuous,  and  shall  .be  re- 
placed if  defaced  or  altered. 

(e)  Commission  documents  pSosted 
pursuant  to  ptagraph'  (a)<4)^  of  thl^ 
section  shall  be  posted  within  2  working 
days 'after  receipt^  of 'the  documents  from 
the  Commission;  the  lltenses's  response, 
if  any.  shall  be  postedjwithln  2.woricinff  4 

^  oAcee         ^  1  *.  days  after  dlsp»tch  by  the  Ucensec.  Si^ch 

o  ington.  D.C.  20555.  ^mmtmlcaUons.  re- c 'documenU  shaU  rtmaia  posted  forii  - 
>  ports,  and  applications  may  be  deUveredg  minimum  of  6  working  days  or  ttnta  ac- 
!n,?*2°2***'  i^ecommlsdon^  offices  atpj  tidn  cprrectlng  the  vK^UOn  has  been 
\nl  H  Street,  NW..  Washlngtoij.'D.C;  5  iompJeted,  whichever  U  later, 
or  hi  1920  Norfolk  Avenue.  'Bethesda.a 

Maryland.  ^        «  ci  §19.12    Iiutmctlonfl  to  worked 

All  individuals  working  in  or  frejiuent-^  * 
Ing  any  portion  6(  a  restricted  area  shall 
be  kept  Informed  of  the  stora^,  trans- 


^  of  19k.  as  amended,  Title  U  of  the  En-  ;J  ?S?^fi^.ijL^S^Hl"*rl?  ^  ^ 
P  ergy  Redrganlzatjon  Act  of  Wi.  and  reg-  5  SS^?if.!f5f?^  ^J^f  ^^^F'^' 
«  uUtions,  orders,  and  licenses  thereunder  0:  *        Enforcement.  U^. 

J  regarding  radiological  working  condi- ^  f^^^^^^^J^f^jfJ^^^H^ 


$  I9.jl  j    Porting  of  nolicef  tq^wor^era. 

(a)  Eachilldni^  shall  ppsi  current 
copies,  of  the  foDowing  documents:  (1) 


zatlpn  facility  pursuaht  to  Part  50  of  !^  The  regulatioxu  in  this  part  and  in  Part 
this  chapter.  '  *       S    °'  ^  chapter:  (2)  the  licenie,  Ucenie  ^ 

^conditions,  or  documents  incorporated! 
u.  into  a  license  by 'reference,  and>tnsod- 


1.19.3  Definil^. 


^    ^^'^cr'^^'iht  Atomic  Energy  «  ^^J-  ^^;^:      ^  operating  prx>^ 


£  Act'of  1954,  (88  Stat,  aidx  including  any 
u.  amendments  thereto;  *  ^ 
ffi  (b)  "Commiiiion**  means  th£  United  Stites 
I  Nuclcai  R^jelatory  Cbflimittio)r;  ^ 


dures  applicaUe^to  licensed  lu^Uvitles: 
(4^  any  notice  :df  violation  )nv(Hvlng 
radiological  working  cooditlons.  proposed 
ImposiUon  of  civil  penalty,  or  order  Is-. 


fer,  or  tise  of  radloactlvje  materials  or  oC 
radiation  in  such  portldns  of  the  re- ^ 
strlcted  area;  shall  be  Instructed  in  the 
iiealth  protectlpn  problems  assobiated  ^ 
with  exposiire  to  such  radioactive  mate-  • 
rials  or  radiation,  in  precautions  or  pror 
cedures  to  minimise  exposure,  and  in  the 
purposes  and  functions  of  protective  de- 
vices emplog^ed;  shaU  be  Instructed  W 
and  Instructed  to  obekve,  to  the  esttent 
within  the  worker's  control,  the  applica* 
ble  provisions  of  Commission  regulations 
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PART  19  •  NOTJCES.  INSTRUCTIONS.  AND  REPORTS  TO  WORKERS;  INSPECTIONS 


and  llcen«»  tor  the  protection  ot  per- 
sonnel from  exposures  to  rtdUUon  or 
nbdloKtire  mUerUls  .occurrlnc  In  tutHi 
ftrew.  tbmn  be  initrucled  of  their  re- 
•pooiJblllty  to  rcpprt  promptlj  to  the  11- 
cenaee  any  condlUoo  uhlch  Ta%s  lead  to 
or  cause  a  violatloo  of  CommlidoD  refu- 
UUoDs^and  licenses  or  uzmecessarr  ex- 
posme  to  radiation  or  to  radiotctire  ma- 
terial; shall  be  instructed  in  the  appro- 
priate response  to  waminfs  msdc  in  the 
erent  of  any  untfeual  occurrence  or  mal- 
function that  may  involre  expoeiire  to 
radiation  or  radioactire  material;  and 
shall  be  adrised  as  to  the  radiation  ex- 
posurer  reports  which  workers  may  re- 
quest pursuant  to  1 1»  13  The  extent  of 
these  Instruction*  ^I^iall  be  commensur- 
ate .with  potential  radiological  health 
protection  problems  In  the  restricted 
area. 

S  19.13   ?<o4ific*iioxu  «nd  rcp«t*  lo  in- 

(a)  BadiaUon  exposurt  daU  for  an 
-  individual,  and  the  results  iA  any  meas- 
urements, analyses,  and  calculations  of 
radioactive  material  deposited  or  re- 
tained in  the  body  of  an  indlTidoal,  shall 
be  reported  to  the  individual  as  specified 
in  this  section.  The  Informatiotf  reported 
shaU  Include  data  and  results  obtained 
pursuant  to  Commission  retulations.  or- 
ders or  license  conditions,  as  shown  In 
records  m^tained  by  the  licensee  pur- 
,  suant  to  Commission  regjilatlons.  Esch 
notification  and  report  shall  be  In  writ- 


report  shall  be  transmitted'  at  a  time 
not  later  than  the  transmittal  to  the 
Commission. 

Ppe»aicc  of  repiwnUiiire*  of 

Ikett*eet  sod  wrker^  daHnf  iwpec- 

tioos. 

(a)  Each  licensee  ihaU  afford  to  the 
CommisdoD  at  sll  reasonable  times  op- 
portunity to  Inspect  materials, 'activities, 
facilities,  premises,  and  records  pursu- 
ant to  the  refitlations  in  this  chi^ter. 

(b)  Durinf  an  Inspection,  Conunissioa 
inspectors  xw  consult  privately  with 
workers  u  specified  in  f  19.15.  Tb^  U- 
censee  or  licensee's  represenUUve  may 
sccompany  Conu&iisslon  inspectors  dur- 
InjT  other  phases  of  an  inspection. 

(c)  If,  at  the  time  of  InspecUon,  an 
individual  has  been  authorized  by  the 
workers  to  represent  them  during  Com- 
mission inspections,  the  licensee  shaU 
notify  the  inspectors  of  such  authoriza- 
tion and  shall  give  the  workers'  repre- 
sentative arl  opportunity  to  accompany 
the  inspecxors  during  the  inspection  ot 
physical  working  conditions. 

(d)  Each  workers' representative  shall 
be  routhiely  engaged  In  licensed  acUvl- 
ties  under  control  of  the  licensee  and 
shaU  have  received  Instructions  as  spec- 
ified in  f  Ifi.li.  *  ,  „ 

(euDliferent  rePnesehtatives  of  11- 
c^iMes  vid  workers  may  accompany  the 
iSpectors  during  different  phaseTof  an 
Inspection  if  there  is  no  resulting  inter- 
ference with  the  conduct  of  the  Inspec- 


or  in  writing,  any  past  or  presoit  condl- 
tloo  which  he  has  reason  to  beliere.may 
have  contributed  to  or  cauacd  ^wy  vi(H 
Utioo  of  the  act,  the  regulations  In  thl« 
chapter,  or  license  condition,  or  any  nn- 
necessary  exposure  of  an  individual  to 
radiation  fnwLllctased  radloacUve  ma- 
terial under  the  licensee's  cootrol.  Any  . 
such  notice  in  writing  s^iaU  comply  *ith 
therequirexnentsof  Mf.l6<a). 

(c)  Hie  proTlsIoo*  of  paragraph  (b) 
of  thU  aectJon  shall  not  be  Interpreted  as 
authori^lon  to  disregard  instructions 
purstiant  to  1 19.13.' 

5  19.16    Reqnerts  by  worker*  for  Jn*pee. 
Uoms. 

(a>  Any  worker  or  reipr»enUUve  of 
workers  who  bcUcves  that  a  vioUUon  of 
the  Act.  the  regulatitins  In  this  chapter, 
or  license  conditions  exists  or  has  oc- 
curred In  license  acUvtties  with  regard  to 
radiological  working  conditions  In  which 
the  worker  is  engaged,  may  reqiSest  an 
inspection  by  gitrlng  notice  of  the  allied 
viotstioo  to  the  Director  of  liupectJon  and  En- 
fofcem*nt,  to  the  Director  of  thcsppro- 
jwiate  Commission  Regional  Office,  or  to 
Oommissloa  Inspectors.  Any  such  notice 
ShaU  t)e  In  writing,  shall  set  forth  the 
specific  grounds  for  the  notice,  and  shall 
be  signed  by  the  worker  or  represcnta-t 
live  of  workers.  A  copy  shal\  be  provided 
the  licensee  by  the  Director^of  ljw>ecti<jn  and 
Enforcement,  Regionsl  Office iRrtctor, 
or  the  Inspector  ne  later  than  at  the  time 
Of  inspection  except  that,  kpon  the  re- 
quest of  the  worker  givli*  «)ch  notice. 


a  '^'''^^^r^.TXr^X  g  "nuuve  «  .  time  nu,  ^mp«^  the  «      ^Sfl,  therein  .pp^ 


jtors.                    ,                c  such  copy  or  on  any  •record  publWied. 
S  i^iid  i^c^^'^b^'l^Ttide  UiilMl^  £         With  the  approval  of  toe  licensee  J  released.-  or  maSc  a;3tllable  by  the  Com- 
m  tS,^i^^^^u«hS^im^^     and  cwi-  « «^       workers'  represenUUve  an  In-  «  mission,  except  for  good  cause  shown.  ' 
^  y  ^^u*^  ?iw!^crSitiStnt 7  dividual  who  U  not  routinely  engaged               upon  receipt  of  such  notlce;»t 
i  tain  the  following  sUtement.  ^  licensed  acUviUes  under  control  of    -.^A'^L^^H^"  ...--r.^  c-r.  .-.A. 


Thtf  report  ts  furnished  to  yuu  under  the*ptoyi 
sioiu  of  the  Nuclear  Retculatory^mmission  reju 
Ution  !Q  CFR  Part  19   You  5ho Jld  preserve  this 
report  for  further  reference 

tb>  At  the  request  M  any  worker,  ^h 
licensee  shall  advise  such  worker  annur 
ally  of  the  worker  s  exposure  to  radiation 
or  radioactive  material  as  shown  in  rec- 
ords main^Oned  by  the  licensee  pursu- 
ant to  I  20,4Ql(a)  and  (c) . 

tc>  At  the  request  of  a  worker  former- 
ly ^extgaied.  in  llcense!d  activities  con- 
trolled bjp^he  licensee,  each  licensee  shall 
Jumlsh  to  the,  wor^er^a  report  of  the 
tworker^  exposure  to  radiation  or  radio- 
acUve  material.  Such  report  shall  be  fur  - 
nlshed  within  30,days  from  the  time  the 
request  is  made,  or  within  30  days  after 
the  exposure  bf  the  individual  has  been 
determined  by  the  licensee,  whichever  is 
later;  shall  coyer, thin  the  period  of 
time  specified  in  the  request,  each  calen- 
dsr  quarter  in  which  the  worker's  ac- " 
tlvities  Involved  exposure  to  radiation 
from  radioactive  materials  licensed'^ by 
t^e  Commission:  and  shall  include  tKe 
dstes  and  locations  of  licensed  activities 
in  which  the  worker  participated  during 
this  period,  a 

(d)  When  a  licensee  is  required  -pur- 
suant to  I  20  405  or  f  20.408  of^hU  chap- 
ter to  report  to  the  Commission  any  ex- 
posure of -an  individual  to  radiation  or 
radioactive  material  the  licensee  shall 
also  provide  the  Individual  a  report  on 
KU  exposure  daU  included  therein.  Such 


the  license,  for  example,  a  consultant 
to  the  licensee  or  to  the  workers'  repre- 
senUUve, shall  be  sffo^ded  the  opi>pr- 
•tunlty  to  accompany  Comdilsslon  Inspec- 
tors diuing  the  iiufpection  of  physical 
working  conditions/ 

(g)  Notwithstanding  the  other  provi- 
sions of  this  section.  Commission  inspec- 
tors are  authorized  to  refuse  to  permit 
» accompaniment  py  any  Individual  who* 
deUberately  Interferes  with  a  fair  and 
orderiy  Inspectl(^n.  With  regard  to  areas 
containing  Irffc^atlon  classified  by  an 
agency  of  the  IVB  Government  In  the 
Interest  of  national  security,  an  Individ- 
ual who  accompanies  an  inspector  may 
have  access  ti  such  Information  only  i^  , 
authorized  to  do  so.  WIth'regard  to  any 
area  containing  proprietary  Information, 
the  workers*  reiyesentatlve  for  that  area 
shall  be  an  individual  previotisly  author- 
ized by  the  licensee  to  enter  that  area. 
%  19.15  Consohation  with  worken  dujr^ 
Ing  iniip«ctlonf. 
(a)*  Cdmmlsalon  Inspectors  may  ton- 
suit  privately  with  workers  concerning  k 
matters  of  occupational  radiation  ppdfec- 
tlon  and  other  matters  related  to  ap- 
plicable provisions  of  Copunisslon  regu^ 
latlons  and  Ucet&s  to  the  extent  the  in- 
spectors deem  necessary  for  the  conduct 
of  an  effective  and  thoroughr  inspection 
^  (b)  During  the  course  qf  an  inspectlonr 
any  woij^er  may  bring  privately  tec,  the 
attention     the  Inspectors,  either  orallj 


(b)  If,  upon  receipt  of  such  notlce?»the 
Director  of  Inspection  snd  Enforcement  or  Rc- 
ponsl  Office  Director  detcrmhw  thst 
the  complaint  meeU  the  requirement*  set 
forth  in  paragraph  (a)  of  this  section, 
and  that  there  are  reasonable  grounds  to 
believe  .that  the  alleged  vlolaUon  cxUU 
or  has  occurred,  he  shall  cause  an  in- 
spection to  be  made  as  soon  as  pracUca- 
ble.  to  determine  If  luch  slleged  violation 
exists  or  has  occurred.  Inspections  pur- 
suant to  thii  secUon  need  not  be  limit^, 
to  matters  referred  to  in  the  complaint 
.  (c)  No  licensee  shaU  discharge  or  in 
any  mwmer  discrlrainat*  agi^nst  any 
worker  because  such  worker  has  fUed  any 
complaint  or  Instituted  or  caused  to  be 
instituted  any  proceeding  under  the 
regulations  in  this  chapter  or  has  testl- 
»fled  or  is  about  to  testify  in  any  such  pro- 
ceeding or  because  of  the  exercise  by 
such  worker  on  behalf  of  himself  or 
others  of  any  opUon  afforded,  by  this 
part/ 

S  19-17    Inip^Jonf  not  wsrrsnted;  In- 
^  formal  review* 

If  the  Director  of  Inspection  and  Enforce- 
ment or  of  the  sppropriite  Regions! 
Ofllce  determines,  with  respect  to  a  com- 
plaint under  f  that  an  inspection 
is  ndl  warranted  b^au*^  there  are  no 
reaaonable  ground*  to  believe  that  a  vio- 
lation exisUor  has  occurred,  he  sb^ll  no- 
tify the  complainant  in  writing  of  auch 
determination.  The  complainant  may 
'^obtain  review  of  such  determtaf  Uon  by 
submitting  a  written  statement  of  posl- 
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^I'^^t^t'  ^i^'     ^Ef^i""*-!  <"s<:rlmln«km  under  any  program  or  tc- 

tar  ^^^rSS^t^^t^n''^  o  !f^°"'  VI  of  the  Cini  RlShts 

pio^de  the  oofepfinifliwthi  copy  Of  such      Z^t'nWZZ  7^^^^  Prejudice  or 

oflhccomplJfinCih€Excaj£rcDire<Srfot  Lf^^^  ^  *  dlscrlmlnjitee. 
Op^tiont  or  h»  desknee  may  ^ 
hold  an  Informal  Wnferencc  in  which 
the  complainant  and  the  Ucenaee  may 
orally  present  their Wws.  An  informal 
conference  may  aijo\bc  held  at  the  rr- ' 
quest  of  U)e  license*,  biit  disclosure  of  the 
identity  of  the  compla^ant  will  be  made 
only  followlnr  receipt  bf  written  author- 
ization from  the  complainant.  Alter  con- 
slderinf  aU  written.  and\oral  viewi  pre- 
sented, the  Executive  Dircctdr  for  Opentiont 
shall  affirrn.  modify,  or  reverse  the  determina- 
tion ofthe  Director  of  Inspection  and  Enforce- 
ment or  of  the  app<t)priate  RcfionaJ 
Office  and  fumlah  the  comblalnant  and 
the  license  a  written  notiflfcatlon  of  hU  - 
decision  and  the  reaaon  themor. 
(b)  If  the  Director  of  Inspectioiiand  Enforce- 
ment or«f  the  appropriate  Refionkl 
Office'  determines  that  an  in^>ection  Is 
not  warranted  biscauae  the  requirementa 

of  f  19.16(a)  have  not  been  metXhe  shaU        "  ,  >         ,  '  , 

notify  the  complainant  in  wiitln?  of 

auch  determination.  Such  deterr^itlon  * 
ahall  be  without  prejudice  to  the  filing  of  ' 
a  new  .comclalnt  roeetlnr  the  require 
jbcntsofHfl«(a).  \ 

•  r§  19.30  Violation*. 

P     An  injunction  or  other  court  order  may 

CO  be  obtained  prohibiting  any  violation  of 
_J  any  provision  of  the  Act  or  Title  g  of 
^She  Energy  Reorganization  Act  of  1974, 
,y  or  any  regulation  or  order  Issued  there- 

I  under 

A  court 

order  may  be  obtained  for  the  payment 
of  a  , civil  penalty  imposed  pursuant  to 
«ectlon  234  of  the  Act  for  violation  of  »ec- 
tlco  53.  57.^2.  «3,  81.  82.  101.  103.  104. 
107.  or  109  of  the  Act  or  any  rule,  regula- 
tion, or  order  issued  thereunder,  or  anj; 
term^  condition  or  limitation  of  any  li- 
cense Issued  thereimder.  or  for  any  vlo- 
^tion  for  'a'hich  a  li<;ense  may  be  revoked 
under  section  l««  of  the  Act.  Any  per«on  ' 
who  willfully  violates  any  provision  of 
c*  the  Act  or  any  r^atlon  or  y>rder,Usued 
^  thereunder  may  be  guUt^  of  a  crime  and. 
2  upon  conviction,  may  be  punished  by  fine 
or  imprisonment  or  both,  as  prbvided  by 
law.  V 

i  Application  for  exemptiont* 

\t  Commlssioii  may.  upon  appllca- 
tltin  by  any  licensee  or  upon  its  own  In- 
i^ative, 'grant  aucK  exemptions  from  the 
?ulrement«  of^the  regulaUons  in  this 
rt  as  it  determines  are  authorized  by 
iw  and  will  not  result  in  undue  hazard 
/to  life  or  property.  ^ 

I  19.32'  Discrimination  prohibited. 
No  pcraon  shall  on  the  ground  of  s«» , 
/  be  excluded  fcom  participation  in.  be  de- 
'  nied  the  beneHts  of,  or  be  aubiected  to 
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TTTU  10.  CHAFTEH  1.  CODE  OF  FEDERAL  REQULATIONS-ENERQY 


STANDARDS  FOR  PROTECTION  AGAINST  RADIATION 


GENERAL  PROVISIONS  * 
Sec. 

20.1  ^po$e. 

20.2  Scope. 

20.3  Definitions. 

20.4.  Units  of  radiation  ^os<.  ^ 

20.5  Units  of  radioactivity. 

20.6  ,*  Interpretations.  * 

20.7  Communications. 

PERMISSIBLE  DOSES.  LEVELS.  AND 
CONCENTRATIONS 

20.101  Exposure  of  individuals  to  radia* 
tion  in  restricted  areas.  « 

20.102  Determinati<>n  of  accumulated 
dos«. 

20.103  Exposure  of  individuals  to  concen- 
trations of  radioactivt  material  in  re- 
ttricted  areas.  ' 

20.104  Exposure  of  minors.  , 

20.105  Permissible  levels  of  radiation  rn  - 
unrestricted  areas.  ' 

20.106  Radioactivity  in  affluents  to  ufire- 
stncted  areas. 

26.107  Medical  diajnosis  and^hcrapy^ 

20.108  Orders  requuinj  furntshinf  of  bio- 
assay  services. 

PRECAUTIONARY  PROCEDURES 

20.201  Surveys 

20.202  Personnel  monitorinj. 

20.203  Cautipn  lijns,  labels,  sif  nals.  and 
controls. 

20.204  Same:  exceptions. 

20/205     Procedures  for  picktnf  up,  receiv 
inf,  and  openinf  pacK9fes. 

20.206  Instruction  ot  personnel. 

20.207  Storaje  oCjIcensed  materills. 


EXCEPTIONS  AND  ADDITIONAL  REQUIRE- 
MENTS 


20.501 
20.502 


Applications  for  exemptions. 
Additional  requirements. 


ENFORCEMEra 
2O.6'0l  Violations 


WASTE  DISPOSAL 


20.301  Gfneral  requirement. 

20.302  Method  for  obtaininj  approval  of 
pTOpOfed  disposal  procedures. 

20.303  ttjp<Aal  by  release  into  sanitary 
sewcfacc  systems.! 

20.304  Duposal  by  burial  m  soil. 

20.305  Treatment  or  disposal  IxV  incincra- 
.tion.  • 

RECORDS.  REPORTS.  AND  NOTIFICATION 

20.401  Record*  of  surveys,  radulion  mon- 
itorinK,  and  dlsposaU  * 

20.402  Reports  of  theft  or  loss  of  Ucemcd 
material.  , 

20.403  Nolifications  of  incidents. 

20.404  i  Reserved! 

20.40;     Reports  of  ove/cxposures  and  ex- 
cessive levels  and  coficept  rat  ions 
20.406     [Restrved  | 


.Appendix  A-|Re*crved| 
Appendix  B-Cohcentrations  in  air  and  water 

above  natural  backfround. 
Appendix  C. 

Appendix  D^United  States, Nuclear  Re|tib' 
tory  Commission  Inspection  and  En- 
forcement Reponal  Offices. 
AUTHORITY:  The  provisions  of  this  fart  20 
issued  under  sea.  53,  63,  65.  SI,  103. 104. 161, 
68  Stat.  930,  933.  9  J5,  936.  937.  94S.  as 
amended^42  U.S.C.  2073.  2093,  2095,  2111. 
2133,  2134,  2201.  For  the  purposes  of  sec. 
22  3.  68  Stat.  958,  as  amended:  42  U.S.C. 
2273.  §§20.401-20.409,  issued  under  sec. 
l6ro.,  68  Stat.  950,  as  amended.  42  U.S.C. 
2201  (o).  Sees,  202.  2Q6.  Pub.  L.  93-438,  88 
Stat.  1244.  1246  (42  U.S.C.  5842.  5846). 

§  20.1  Purpo»<. 

(a)  The  regxilatlons  In  this  part  esUb* 
lish  standards  for  protection  against  ra- 

g'diation  hazards  arislnf  out  of  activities 
oc  under  licenses  Jssued  by  the  Nuclear  Rcf- 
g  ulatory  Commission  and  are  Issued  pur- 
t  suarit  to  the  Atomic  Energy  Act  of  1854, 
as  amended,  and  the  Energy  Reor|:anlza- 
Ltfon  Act  of  1874.  . 

(b)  The  use  of  radloaetlTe  material  or 
other  sources  of  radiation  not  Ucenaed 
by  the  Commltaion  It  not  subject  to  the 
retulftttons  in  this  part.'  Howerer.  It  It 
the  pun^  of  the  refulatlons  in  this 

1  part  to  control  the  poasesslon*  use.  and 
S  trahsfer  of  Ucented  material  by  any  U- 

2  censee  In  such  a  manner  that  exposure 
?  to  such  mat)eria]  and  to  rsdkUbn  from 
m  such  material,  when  added  to  expoturet 
~  to  unlicensed  radloactire  material  and 

to  other  tmllcented  sources  of  radiation 
in  the  possession  of  the  licensee,  and  to 
radiation  therefrom,  does  not  exceed  the 
sUndards  of  radiation  protection  pre- 
scribed  In  the  reculatlont  In  this  part. 

"  (c)  Zn  accordance  with  recommenda- 
tions of  the  Federal  Radiation  Council^ 
ffi  approved  by  the  President,  persons  en« 


this  part.  mal:e  every  reasonable  effort  to 
ywiwt^tn  radiation  exposures, 'and  re- 
leases of  radioactive  materlals^  in  dBu- 
^enU  to  unjcstricted  areas,  at  far  below 
dthe  UmlU  specUled  In  this  part  as  prac* 
Stlcable,  Hie  term ''as  far  below  the  llmlU 
£  specified  in  this  part  as  practicable" 
u.means  as  low  as  It  practicably  achiera- 
inble  taUnr  Into  account  the  state  of  tech- 
tiolocy.  and  the  economics  of  improTe- 
ments  In  relation  to  benefits  to  the 
publib  health  and  safety  and  In  relatSoa* 
to  the  utilization  of  atomic  enercy  in  the 
^public  Interest. 

§  20,2  Scope. 
The  regulations  In  this  part  applyto 
p.  all  persons  who  receive,  possess,  use.  or 
"transfer  material  licensed  pursuant  to 
J  the  regulations  in  Parts  30  through  35, 

0  40.  or  70  of  Jthl5  chapter.  Including  per- 

1  sons  licensed  to  operate  a  production  or 
r  utilization  facility  pursuaht  to  Fart  50 

of  this  chapter. 


2o'.407»   Personnel  exposure. and  monltorinf  q  gaged  In  activities  under  licenses  Issued 


reports. 

20.408  Reports  of  personnel  exposur?  on 
termlna<ion  of  Employment  or  work. 

20.409  Notifications  and  reports  to  indi- 
viduals. 


(r  by  the  Nudetr  RcfuUfoiy  Comminton  pui- 
u.  tusntio  the  Atomic  Efteiw  Act  of  1954,  a* 
tf>  tmettded,  and  the  Eneigy  Rsorgtfifacstion  Xct 
I  of  1974  should,  in  addition  to  cotrh 
plying  with  the  requirement!  set  forth  In 


}  20.3  Definitlont. 
(a)  As  used  in  this  part: 

(1)  "Act**  means  the  Atomic  Energy 
Act  of  1054  (01  SUt  919)  including  any 
amendments  thereto: 

(2)  "Airborne  radioactive  material'* 
means  any  radioactive  material  dispersed 
In  the  air  In  the  form  of  dusts,  fumes, 
mists,  vapors,  or  gases; 

(3)  "Byproduct  maUsrlal'*  means  any 
radioacUve  material  (exceptrspedal  nu* 
clear  material)  yielded  In  or  made  ra- 
dioactive by  exposure  to  the  radiation 
Incident  to  the  process  of  produdnf  or 
utilizing  special  nuclear  material:  ^ 

(4)  "Calendar  quarter^  means  not  less 
than  12  consecutiveireeks  nor  more  than 
14  consecutive  weeks.  T*e  Urst  calendar 
quarter  of  *ach  year  shall  begin  In  Jan- 
tianr  and  subsequent  calendar  quarters 
slMil  be  such  that  no  day  Is  included  In, 
more  than  one  calendar^uarter  or  omit- , 
ted  from  inclusion 'within  a  calendar 
quarter.  No  licensee  shall*  change  t^e 
method  <*served  by  him  oC  determining 
calffldw  quarters  except,  at  the  begin- 
ning of  a  calendar  year. 

"*  (5)  "Commlidon-  metfU  th#Nucletr  Regu- 
UtOfy:Cotntnuik>n  or  its  duly  authorized 
repreaetitativet; 
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execwtlTC  department.  commUtlon,  Indc-S"^*^'^^  one-twentieth  of  one  percent 
pendent  cttablUhment,  coft>or»tlon.^  ^^^^  ^    u***"!^.  ^  tho- 

whoUy  or  partly  owned  br  the  Dnltftd  °^  ^-        combination  thereof. 

SUtfts  of  America  which  li  an  tojtru.'^^r'^'°*^'***i**^"^^  ^^^^  ^^^^ 
mcntalltr/)f  the  United  SUtS  '^"'^^  ma.teml. 

board,  buAu,  dlrlslon,  serrlce.  offi^J= 

Jf"!?.^?'^'  idmlnlstratlon,  or  |    (18)  ••ft>eclal  mfclear  material"  meana 
S2f  ^  ^  execuUTej      plutonium.  nrmntam  »3,  urmnlmn 

oranch^.o^he_goTexBmait:  V  ««rtehed  in  tht  iaotoprm  or  In  the  iio- 

f7»  -indmduar*  means  any  humangtopa  W,  and  any  other  material  w'lfch 
being:  -the  Oocuniadon,  purtuant  to  the  prori* 

<8)  "Licensed  material-' means  source£<><»u  of  aectlon  II  of  the  ad»  detm^^ 
material.  »prt:lai  nuclear  material,  or  by- be  ipedal  nuclear  material,  but  doM 
product  material  receired.  .possessed  tnehide  aource  material;  or  (U)  any 
used,  or  transferred  under  a  general  or  nateilal  artttcUHy  enriched  by  any  ot 
specific  license  issued  by  the  Commission  foretolnf  but  doci  not  inchide  source 
pursuant  to  the  regulations  In  thim\  material; 
chapter; 

«9>  "License"  means  a  license  Issued©  '^"^^  "ynrestrfcted  area"  means  any 
under  the  regulations  in  Part  30.  40»  or«  *^  t^xta  to  which  U  not  controlled  by 
70.  of  this  chapter    -Licensee"  meanj^  'of  Purposes  of  protection  of 

Jthe  holder  of  such  llcei^se;  it  IndiTiduala  from  exposure  to  radiation 

ao»  "Occupational  dose'  includt^  ex-i2      radloactlre  materlala,  and  any  area 
posure  of  an  individual  to  radiation  iUuL"^      residential  quarters, 
in  a  restricted  area;  or  dl)  in  the  course'^      <  » 
of  employment  In  ;*mch  tlie  Individual  s':    » 18>  '■Administration''  means  the  En- 
duties  Involve  exposure  to  j-adlat^on.eo  ergy  Research  and  Derelopment  Admin- 
provided,  that  "occupational  dose"  shalic  Istratlon  or  Its  Vluly  authorized  repre- 
not  be  deemed  to  Include  any  exposureS  sentatlves. 
of  an  Individual  to  radiation  for  the  pur- 
pose  of  medical  diagnosis  or  medical 


ulatkma  In  this  part,  any  of  the  foOow- 
Inc  Is  considered  to  be  equivalent  to  a 
doee  of  one  rem: 

(1)  A  doee^  1  r  due  to      or  famma 
radiation; 

(2}  A  dote  of  1  lad  due  to  X--.  nmma. 
or  bet4  radlatton; 

(3)  A  doie  of  0  J  rad  due  to  aeutrooi 
or  high  energy  protooi; 

(4)  A  doie^  OJa  rad  due  to  partfelee 
IteaTler  than  protoo*  and  with  mjmM^% 
iotrgy  to  re*^  the  lega  of  the  eyt; 
If  It  If  more  conTcnSent  to  measure  the 
neutron  Huz,  or  e^iulralent,  than  to  de* 
tennfaM  the  neutron  doae  In  nutor  as 
proTided  In  subparagraph  (3)  of  this 
ppagraph,  one  rem  of  neutron  radlatloa  * 
may,  for  purpose*  of  the^  regialatJons  In 
this  part  be  assumed  to  btf  equinlent 
to  14  million  neutrons  per  sqaare  eentl- 
laeter  Incident  upon  *the  body;  or;  If 
•there  exists  sufficient  Information  to  esti- 
mate with  reasonable  accuracy  the  up* 
proximate  distribution  in  eoetay  of  the 
neutrons,  the  incident  mzmbcr  at  neo-^ 

?  trons  per,sQuare  centimeter  equlralent 
S  to  one*  rem  may  be  estimated  from  the 
-  foDowing  table: 

U-  -KXTOOV  nCX  Dots  XQUXTjUJm 


therapy  of  such  individual. 

(11)  "Person"  means  /I)  any  Indi- 
vidual, corporation,  partnership,  Arm. 
association,  trust,  estat^.  public  or  pri- 
vate Institution,  group.  fJovemment 
agency  other  than  the  Commission  or  the 
Admlnlstratloji  ^except  that  the  Admin- 
istration shai;  be  considered  a  pci%on 
within  the  meaning  of  the  regulations  In 
this  part  to  the  extent  that  Its  facilities 
and  activities  are  subject  to  the  licensing 
and  related  regulatory  authority  of  the 
Commission  pursuant  to  section  202  of 
the  Energy  Reorganization  Act  of*1974 
(88  Stat.  1244) ).  any  St«c^#|,aftyt-f^reign 
government  or  nation  or  any  politic*! 
subdivision  of  any  such  government  or 
nation,  or  other  entity,  and  (II)  any 
legal  successor,  representative,  agent,  or 
agency  of  the  foregoing.  « 

S 


(b)  DcflnltSoss  of  certain  other  wor^ 
and  phrases  as  used  in  this  part  ar*  set 

forth  In  other  seetlou,  Including; 

^  (1)  *'Airboras  radloacttrlty  area**  de- 
fined in  130^; 

(3)  "BadUtion«raa'*Abd*aiigh  radi- 
ation area*^  Osllnsd  In  { 20.903; 

(3)  'Tersonndtaonitorlng  equipment'' 
defined  In  130.303;, 

(4)  "Surrey"  dtflned  In  1 30.301; 

(5)  TThitsofmeastirementof  doMLCrad. 
remr  defined  In  130.4:  ^ 

(8)  Units  of  mecsuremsnt  of  radio- 
activity  defined  In  i30i., 

130.4   Unit*  of  r»di«tloir  aoM. 

(a)  "Dose,"  as  u^  in  this  part.  Is  the 
quantity  of  radistlii^n  absorbed,  per  unit 
of  mass,  bythebod^  orbyanyptnrtionof 
the  hodf.  Whhn  the  rsgulatkms  In  this 
part  specify  a  dose  during  a  period  of 
time,  the  dose  means  the  total  quantity 
of  radiation  absorbed,  per  tmlt  of  mass, 
by  the  body  or  by  any  portion  of  the 


r('l2)  "Rjidlatlon"  mftans  any  or  all  of 
the  fallowing    alpha  rays  beU  rays  J.  ponoon  or  tne 

gamma  rays,  X-rays,  niuiro^  ^hl^  ^ ^'^.f'^,^^  BerenX 
speed  electrons,  high-speed  protonsTand    25?^'       of  dose  axe  In  current  use. 

wiuwuo.  mna     D^i^jtions  of  unlts  MM  uied  In  this  part 


DeatmitMr 

•qnlnliot 

2IX10< 
9IX10* 
TiXW 
»X10^ 
IIXU* 

OjOOOI    

OjOL  

O-I--,  , 

Uf.  „  ..Jl^.' 

lOUJO  .  

fl«it» 
JObtart 


S  speed  electrons,  high-speed  protons,  and 
2  other  atomic  particles:  but  not  ^und 
u.  or  radio  waves,  or  risible,  infrared,  or 
JO  ultraviolet  light; 

<13)  "Radioactive* material"  Includes 
any  such  material  whether  or  not  «ubj*«t 
^to  licensing  control  by  the  Commission , 

(142  ^Htstricted  area"  means  any 
area  access  to  which  is  controlled  by  the 
licensee  for  purposes  of  protection  of 
indlrlduals  from  exposure  tp  radtation* 
and  radioactive  materials.  >"Restricted 
area'*  shall  not  includ^  any  areas  ussd 
M  restdentiaf  quarters,  although  «  sepa- 
rate room  or  rooms  <  In  a  residential 
building  may  be  set  apart  as  a  rStricterf 
_^area; 

»v05)  ••^ource  material';  means  (n 
urtnlum  or  thorium,  or  any  combina- 
tion thereof.  In  any  physical  or  chemical 
form:  or  <Il>  ores  which,  contain  by 


are  set  forth  In  paragrspbs  (b)  and  (c) 
of  this  section, 

(b)  The  rad,  u  used  In  this  part,  is  a 
measure  of  the  dose  of  any  Ionizing  radi- 
ation to  bodr  tlMuea  in  terms  of  the 
energy  absorbed  per  unit  Inass  of  the 
tissue.  One  rad  is  the  dote  correspond- 
ing to  the  absorption  of  100  ergs  pergram 
c^ML^e.  (One  minirad  (inrad)nO.OOl 

(c)  Th9  rem,  u  tised  In  this  part*  is 
a  measure  of  the  dose  of  any  lonl^ng 
radiation  to  body  tissue  In  terms  of  iti 
estimated  bfoIoHeal  effiet  relatire  to  a 
dosepfoneroentginCr)  of  X-rays.  (One 
mllUrem(nu:em)«0.O01remJ  Hiertla* 
tion  of  the  rem.  to  othtr  dose  units  de- 
pends upon'  the  biological  effect  under 
consideration  and  upon  the  conditions  of 
liradiation.  For  the  purpoM  of  the  ret - 


(d)'  For  determining  exposures  to  X  or 
gamma  rays  up  to  3  Uer,  the  dose  UmiU 
specified  In  H  30.101  to  30.104,  inclushre, 
may  be  assumed  to  be  equivalent  to  the 
"air  dose".  For  the  purpose  of  this  part 
''air  dose"  means  that  the  dose  is  meae^ 
ured  by  a  properly  calibrated  appropriate 
Instrumentyln  ahr  at  or  near  thf  body  ho-- 
_^face  In  th^  region  of  hlgh^t  dosage  rate. 

PS  20.5    Uaiti  of  ndkMCtlrJty, 

(a)  Radioactlritf  is  commonly,  and 
I  for  purpolMS  bf  the  regulations  in  this 
I  part  shalf  be,  measured  In  terms  of  dis- 
S  integrations  per  tmlt  time  or  In  curies, 
m  Ons  curJe=3.7xl0*  disintegrations  per 
^.seco^  <dps)  =3.3x10'*  disintegrations 
u.  per  minute  (dppi).  Commonly  uitd  sub- 
n  multiples  of  ^  curie  are  the  miUicurie 
"  and  the  mlcroctole: 

(1)  One  milUcurie  (mCl)  ^=0.001  curie 
(CI)  *=3.7X10'  dps. 

(3)  One  mlczocurie  (^Ci)  *«>0.000001 
curie=3.7xl0*  dps.  ^ 


(b^  Ror  purposes  of  the  regulations  In 
this  part.  It  may  be  assumed  that  the 


r. 


«hlIS*jr22?^"*:  •PP«)prtat#  iait 
nations  ihotOd  not  be  u»#d. 
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4»iif  ht€r  tctirlty  concentrations  In  the 
following  table  are  equlTalcnt  to  an  air 
concentration  of  10"*  mlcrocurIe$  of 
Rudon  22a  permUlillter  of  air  In  equilib- 
rium with  the  daughters  RaA.  RaB,  RaC, 
andRaC' 


Mftilaaa  time  betwrco 

A)pb*<«m]ttlnjr  dmxbtcr 
KtlTUjr  coOected  per  milH- 
btnofalr 

coUKtion  and  me&iurt* 
ami  (hours)  *  ^ 

ToUl  alpht 

ttocuptf 
mtnauper 

oc 

0.  *   

1.  'T,'""V.  - 

7  2Xi(r* 

I  ZX\0^ 
a  3XK>"« 

0,16 

a  10 

0.02* 

o.Xon 

(c)  •  >      ^  ^ 

S  20»6   InterpreUU'onf . 

Except  as  tpeclflcally  authorized  by 
the  Commission  in  writing,  no  interpreta- 
tion of  the  meaning  of  the  regulations  in 
this  part  by  any  officer  or  employee  of 
ifCt  Commission  other  than  a  written  in- 
terpreUtlon  by  the  General  CounseJ  wUl 
be  recognized  to  be  binding  upon  the 
.commission. 


f%  20.7  CommunicaUonf 
Except  wh^te  otherwise  specified  in_,. 
this  part,  all  communications  and  re- g 


tectlon.  provided: 

(1)  During  any  calendar  quarter  the 
dose  to  the  whole  body  from  radioactive 
material  and  other  source*  of  radiation 
in  the  licensee's  potsesilon  shall  not  cx- . 
ceed  3  rem*;  and         ^  ,  ^ 

(2)  The  dose  to  the  whole  body,  when 
added  to  the  accumulated  oecupauonaj 
dose  to  the  whole  body,  shall  not  exceed 
6  (N~18)  reins  where  *7r  aquaU  the  in- 
dlTiduars  w  in-y«*a  at  ma  last  mnn^- 
day'  and 

C3)  The  llcenfec  bat  detennin^  the 
indiTldual'i  accumulated  occupational 
dose  to  the  wIcW  Mf  oa  Pom  NRC4,  or 
OQ  a  ckar  sa4         iKOf<  eoatiia- 
tog  aU  the  InformatioB  required  in  toat 
form;  and  baa  otherwUe  compUed  with 
therequlrementoonao.lM.  Aa  wdin 
paragraph  (b) ,  •^Doee  to  the  whole  body 
ihaU  be  deemed  to  include  any  dose  to 
the  whole  body,  gonad*,  actlre  blood- 
forming  organ*,  head  and  trunk,  or  lens 
of  eye. 

S  2t.lW    De<«niJii«tiw»  of  •ceurooUted 


(a)  Thia  section  contain*  ttt^i^ 
menu  which  mu.t  be  "tliflf^^ 
Ucensees  who  propoM.  pursuant  to  ikkoj- 
graph  (b)  of  1 3».101.  to  permit  IndiTld- 
ial*  in  a  restricted  area  to  rwjlTeex- 
•powire  to  radiation  in  excem  of  toe  ItoiU 
rMcilled  inparagraiA  (a)  of  f  20.101. 
^TBrfoiepwnimng  any  individual 
in  a're*trict«i  wrea  to  «fe*^?WO*ure 


Cctuzoal 

Cob!znfl'2 

FvtcXbodT 

AMunMd 
•zpocort 

tn  resit  Sx 
atiea&u 
qairten 
prior  to 

Ju.  1.  mi 

AwtozMd 
eiposurt 
Id  reou  for 

bcfizmiacoa 
oc»ft«f 

Wbob    bodr.  xooftds. 

KtlT«  biood-lormtQC 
'  ortvix,  bmi  aod  tmnk. 

SM 

(2)  The  BccMcc  shsU  rttsin  ind  pmetve  ^ 
xKonU  ui6d  in  preparing  Form  NRC-4. 
If  calculation  of  the  Individual's  ac- 
cumulated occupational  dose— for  call 
period*  prior  to  January  I.  Wl  yields 
a  result  higher  than  the  applicable  ac- 
cumulated dp*fe  value  for  tl^e  individual 
as  of  that  date,  as  specified  in  paragraph 
(b)  of  f  ao.lOl.  the  cxcem  may  be  disre- 
garded. 

i30*l«S    Expeme  af  indiridtuU  lo 
concentratkNM  of  radioacUre  m»i 
terial  in  rcttrkte^  am*, 
(a)  No  licensee  shall  possess,  use  or 
tianaf  er  licensed  material  in  such  a  man- 
ner a*  to  cause  any.  individual  in  a 
restricted  area  to  be  exposed  to  airborne 
radioactive  material  possessed  by  the 
Ueensee  in  an  average  concentration  in 
''eseeM'ol  the  limits  specified  in  Appendix 
B  Table  I.  of  this  part.   ''Expose'*  as 
used  in  this  section  meanaT  that  the  in- 
dividual Is  present  In  an  airborne  con- 


this  pan,  au  CT}inmuiuw»"w»«  g      a  restrictad  are*  10  

ports  concerning  the  regulations  in  this  ^  ^  — hi^koo  In  excesa  of  the  Bmttrapec-   myiduai  is  prcscni  lu 
ilrt  should  be  addressed  to  the  Execu-  J  fiedto-naragraph.  (a)  of  1 20.101.  eael^  centraUon.  No  aUowance  shall  be  made 
Uve  Director  for  Operations.  U.S.  Nu-«,  jjJ^j^SJS:  ^^^^  ^     1  for  the  use  of  protective  clothing  or 

0)   -      — ^  

containlOK  aU.tfce  InfohnaUon  "W^^jS  to  paragraph 

r^^rrrrTt       IT^^  h«  th^  indlvlduar     /k\  tp>i«  nm 


Uve  Director  for  Operations 
clear  Regulatory  Commission,  washing-  f ' 
ton  D.C.  20555.  Communications,  re- 
ports, and  tppUcatlons  may  be  delivered 
in  person  at  the  Commission's  ofjce*  at 
1717  H  Street  NW..  Washington.  D.C  ;  or 
at  7920  Norfolk  Avenue.  Bethcsda.  Mary- 
Jand. 

prnMiMULS  !»•«»,  Lam*,  un 

OOJfCXNTMTIOm 

S  20.101    Exposure  of'imllrWalW  to  ra- 
diation in  restricted  mrtmu 
(a)  Except  as  provided  in  paragraj^ 
4b)  of  tW»  section,  no  Ueensee  ihall 
possess  use,  or  transfer  licensed  mate- 
rial in  such  a  manner  as  to  cau*e  any 
individual  in  a  restHcted  ar^  to  receive 
in  any  period  of  one  calendar  quarter 
ftom  radioactive  "material  land  other 
•ource*.Of  radlajfclonAn  the  Ueensee  s  po*- 
iMslon  a  dose  In  excess  of  the  Umiu 
specified  in  the  foUowing  Uble: 
Itevu  per  e*len4mT  qu4trter 
1  Wboubody.  lit«l>ndtnmX;MUv« 
blotxJ-forming  orgaxw:   l«n«  ^  <» 

eyts;  or  |on»d»   

3.  lUndt  Mid  fowftrms;  »••» 

anklM  —  - 

3.  Skin  of  w1)ol»  body'-   

(b>  A  Ueensee  may  permit  an  Indi- 
-vldual  in  a  restricted  area  to  receive  a 
doM  to  the  whole  body  greater  than  toat 
permitted  under  paragraph  (a)  of  this 


1V4 
ss)i 


i>  OMa  a  cMtiflcalf  oa  Votm  NRC-4,  ot  ^  equipment,  or  particle  size,  except 
s  dtairaad  teffWe  mxW  authorized  by  the  Commission  pursuant 

.  .  .  — «  Tw-  i«f»«^*finn  v*nMiredifl     paragraph  (c)  of  this  section, 

(b)  The  limits  given  in  Appendix  B. 
Table  I.  of  this  part  are  based  Upon 
exposure  to  the  concentrations  specified 
for  forty  hours  in  any  period  of  seven 
consecutive  days.  In  any  such  period 
where  the  number  of  hours  of  exposure 
is  less  than  forty,  the  Umits  specified 


lowing  each  period  of  time  after  the 
indlTldual  attained  the  age  of  It  in  which 
Se  l»<Wl*ml  rwjelved  an  occu^tiona^ 

agK«  widi  tlie  iasfeactioM  ippen*  u  icss  tnan  lony.  mc  uuuvs  ov^****-** 

tflg  therein,  or  on  a  clear  and  legible.  liable  may  be  increased  propor- 

™*      *r_7-i-.i«-  .11  ♦♦i^  Information    n^^^*luf    in  anv  mirh  oeriod  where 


J^Sord 'containing  aH  the  information 
JS^iiwd  in  tfiat  form,  the  previously  ac- 
cumulated occupaUonal  dose  received  by 
ihT.lndlTldual  and  the  additional  do^ 
iSowed   for   that   Individual  und^r 

!(Oani^^  pfepmtlon  ot  Form  NRC4. 
o^Vcktr  sad  legi&c  record  con- 
Ulning  aU  the  Information  requiredto 
SaUorm.  the  Ueensee  shall  make  a  1:^- 
ionable  effort  to  obUin  reports  of  the 
individual's  previously  accmnulated  oc- 
cupational dose.  For  each  period  tor 
wSch  toe  Ueensee  obtains  reports, 
the  Ucen.ee  shall  use  the  dose  shown  in 
the  report  in  preparing  the  'onn- 

CMC  where  a  Ueensee  Is  unable  to 
^toVeports  of  the  individual's  occu- 
;Sational^ose  for  a  previous  complete 
'Slendar  quarter.  It  iHall  ^ 
that  the  Individual  hw  received  the  oc- 
SSatSnal  dose  specified  in  whichever 
of  thft  foUowing  column*  apply: 


SLSSmZSoMi^  wifflckntly  short  comptftd 

;•  D«!*t«d  39  FR  23990. 
••  «Am«nd«d  36  FR  M66. 
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^tionatoly.    In  any  such  period,  where 
the  number  of  hours  of  exposure  1* 
greater  than  forty,  the  limits  specified 
in    the*  table    shall    be  decreased 
s4)roportlonately.  ^  L..  *i. 

^  (cXl)  Except  as  authorized  by  the 
Commission  pursuant  to  thia  paragraph, 
no  allowance  shaU  be  made  for  P^^^^ 
size  or  the  use  of  prdt^Jtlve  clothing 
or  Equipment  in  determining  whether  an 
individual  U  exposed  to  an  airborne  con- 
centration in  excess  of  the  llm|t«  apeci- 
fled  Ih  Appendix  B,  Table  L 

(2)  The  CommlMlon  may  authorize  a 
Ueensee  to  expose  an  individual  in  a  re- 
stricted area  to  airborne  concentrationa 
fn  excess  of  the  Umits  specifiet)  in  Ap- 
•  pendlx  B»  Table  I,  upon  receipt,  of  an 
appUcatlon  demonstrating  that  the  con- 
centration Is  composed  in  whole  or  in 
part  Of  particle*  of  such  slae  that  such 
particle  |kre  not  resplrable;  and  that  , 
the  individual  will  not  Inhale  the  con-  , 
centraUonaJn  exdess^f  the  llralU  estab- 
lished in  Appendix  B.  Table  I.  Each  . 
application  under  thU  subparagraph 
shall  include  an  analysis  of  particle  size* 
In  the  concenpratlonsi^nd  a  description 
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of  the  methods  used  In  determining  the 
particle  sizes. 

•  (Z>  The  Commission  nuy  authorize 
a  licensee  to  expose  an  individual  In  a 
restricted  area  to  airborne  concentra- 
tions in  excess  of  the  limits  specified  In 
Appendix  B,  Tabic  I., -upon  receipt  of 
an  application  demonstrating  that  the 
individual  will  wear  appropriate  pro-^ 
tactlve  equipment  and  that  the  individual  g  \ 


mission  wlU  approvtf^e  proposed  limits 
If  the  applicant  demonstrates  that  the 
proposed  limits  are  not  llkelr  to  cause 
any  individual  to  receive  a  dose  to  the 
whole  body  in  afiy  period  of  one  calendar 
year  in  excess  of  0^  rem. ' 

(b)  Except  as  authorlaed  by  the  Com- 
mission pursuant  to  paragraph  (a>  of 
this  section,  no  llcexuee  shall  possess,  use 
or  transfer  license^  material  tti  such  a 


wtU  not  Inhale,  ingest  or  absorb  quantl-^  manner  as  to 'Create  in  any  unrestricted 
ties  of  radioactive  material  in  excess  of  u.  area  f rom.radloactlve  material  and  other 


those  wh^ch  might  otherwise  be  permit< 
ted  under  this  part  for  employee*  in 
restricted  areas  during  a  40-hour  week. 
Each  application  under  this  subpara- 
graph shall  contain  the  following 
information: 

(I)  A  description  of  the  protective 
equipment  to  be  employed.  Including  the 
efficiency  of  the  equipment  for  the  ma- 
terial Involved: 

(II)  Procedures  for  the  fitting,  main- 
tenance and  cleaning  or  the  l)rotectlve 
equipment:  itnd 

(III)  Procedures  governing  the  use  of 
the  protective  equipment,  including  su- 
pervisory procedures  an^l  length  of  time 
the  equipment  will  be  used  by  the  indi- 
viduals in  each  work  week.  Tlie  pro- 
posed periods  for  use  of  the  equipment 
by  any  individual  should  not  be  pf  such 
duration  as  would  discourage  observjtnce 
by  the  individual  of  the  pr<)posed  pro- 
cedures: and  > 

(tv>  The  average  concentrations  pres- 
S  ent  in  the  areas  occupied  by  employees. 

S  $  20.104    Exposure  minors. 

5  (a)  No  licensee  shall  possess,  use  or 
tn  transfer  licensed  material  In  such  a 
manner  as  to  cause  any  individual  within  , 
a  restricted  area  who  Is  under  18  years 
of  age.  to  receive  ^in  any  -period  ^f  one 
calendar  quarter  from  radioactive  ma- 
terial and  other  sources  of  radiation  in 
the  licensee's  possesslofi  a  dose  In  excess 
of  10  percent  of^the  limits  sp^ified  in 
the^ table  in  paragraph  (a)  of  {  20.101. 


(o  sources  of  radUUon  in  bis  possession 
U)  Radiation  levels  which^  ir  an  Indl* 
vldual  were  continuously  present  in  the 
area,  could  result  in  his  receiving  a  dole 
in  excess  of  two  mlUlrems  in  any  one 
hour,  or  .  *  '  ' 

(3)  Radlatlon'ievela.which,  if  an  indi- 
vidual were  continuously  present  in  the 
area,  could  result  In  his  receiving  a  dose 
in  exc«s  of  100  mUllrems  in  any  s^ven 
consecutive  days. 

9  20.106    lUaioiictfrily  In  eS«CKU  t« 
■Juretlricled  utm$* 

(a)  A  licensee  shall  not  posseas.'use. 
or  transfer  licensed  material  so*as  to  re-" 
lease  to  an  unrestricted  ar^^im^ttpa^tlve 
material  h^  concentrations  which  exceed  . 
the  limits  specified  In  Appendix  "B^  $ 
Table  n  pf  this  part,  efoept  as  authorM'  i 
pursuant  to  i  30.303  or  paragraph  (b)  oC  cc 
this  section.  Tor  purposes  of  this  sao*  ^ 
^tlon  concentrations  ffls^  bt  arertf  ad  om  ?} 
a  period  not  greater  than  ooa  year. 

(b)  An  application  for  a  license  or 
amendment  may  Include  proposed  limits 
higher  than  those  specdlfled  para- 
graph (a)  of  this  section.  Ttte  Coomls- 
slon  ylll  approve  |he  pn^itosed  limHs 
if  the  applicant  demonstrates ; 

-(1)  'That  the  apfillcant  has  made  a 
reasonable- effort  to  mtnlmlae  the  radio- 
activity centimed  A  effluents  to  un- 
restricted areas:  and  ^  • 

t2)  That  it  U  not  likely  that  t*dlo- 
active  materlaTdls^iarged  in  the  elBuent 
would  result  in  the  exposure  of  an  indl* 
vldual  to  concentrations  of  radloactivcr 


eCuscU  released  faito  air. 

(I>  A  dieerSptloa  oC  ttie  aptldpat^d 
homan  ooeopaaey  la  the  'unraetrieM 
ftrw  the  hitfaeet  eoMiotratloti'of 
radlOMtht  matarial  fran'the  <*MD»  Is 
ifljwted.  and  la  the  eaee  of  « ttm  or 
areata,  adee^^ 

s^eam  froca!  the  poM  of  release  of  the 


ih)  No  licensee  shall* possess,  use  or  y 

transfer  licensed  material  In  such  a^     

manner  as  to  cause  any  individual  £  material  In  air  or  wat^  exceeding  the 

within  k  restricted  area,  who  is  under  18  o>  Umlts  specified  In  Appendix  "B*\  Table 

years  of  age  to  be  exposed  to  airborne  ^  n  of  this  part 


radioactive  material  ii^ssessed  by  the 
licensee  In  an  average  concentration  in 
excess  of  the  limits  specified  in  Appendix 
B.  Table  H  of  this  part.  For  purposes 
of  thls^para^raph,  concentrations  may 
be  averaged  6ver  periods  ^ot  greater 
than  a  week. 

(c)  The  provisions  of  paragraph  (c5 
of  1 20.103r  shall  apply  16  exposures  tub* 
Ject  to  paragraph  (b)  of  this  section.  . 

§  20C1O5  '  FermiMlbie  leveU  6f  rxyliition 
in  unrettricled  ikrcH«« 

(a)  There  may  be  included  In  any  ap- 
pllcatlofi  for  K  license  or  for  amendment 
of  a  llccnse^.propojcd  limits  upon  levels 
o(  radiation  jn  unrestrjptf  d  areas  result- 
ing from  the  applicant's  possession  or 
use  of  radioactive  mat^Ial  and  other 
sources  of  radiation.  *  Buch  applications 
fhould  Include^lnformatlon  as  to  antici-^ 
pated  averag^  radiation  levels  and  an-* 
tlclpated  occupancy  times '  for  each 
unrestricted  area  involved    The  Coni-^ 


(e>  An  application  for  higher  llmlta. 
purstiant.to  paragraptt^jb)  of  this  sec^ 
tlon  shall  include  Information  demon- 
strating that  the  applicant  has  made  a 
"  reasonable  effort  to  mlnimtie  the  radio- 
activity discharged  in  elhients  to^  umre- 
strloted  areas,  and  shall  include^  as 
pertinent: 

(1)  Information  as  to  ftow  rates;  total 
vohune  of  effluent,  peak  concentraUdn  of 
each  radionuclide  in  the  efflueni,  and  con- 
centration of  each  radionuclide  in  the 
effluent  averaged  over  a  period  of  oca 


(4)  g,  tfr  thf  hlfhset  < 

esi^tratloo  oC  each  radteooUde  la  aa 
unrestrtoted  area.  In^tidlnr  aatSelpated 
eonoentrattoat  aTtraged  orsr  a  period  of 
ooe  year; 

(1>  In  air  at  aay  j»olat  of  huiMa  oe- 
•upaney;or 

(ID  Txx  water  at  pointa  of  uee  d^- 
stream  f  roi^  the  point  of  rdease  of  the 

(5>  the  hackgipimd  cooeentratloQ  of 
radioaucUdes  in  the  reoehflnff  river  or 
atream  prior  to  the  release  of  Uquld 
effluent. 

.  (i)  Adeeerlptlonoftheeaviroameotal 
monitoring  equ^pmeat,  laelodlaf  aeQsl« 
tlvity  of  the  system,  aad  proeedures  and 
calcuIatlODa  to  detenaine  eoaeeatratftow 
of  radloQueUdes  in  the  uiireetiieted  itfea 
abd  poeslUe  reooaoentratloaa  of  radio- 

(7)  A  deecriptkm  6f  tbtf  waste  treat- 
zitont  facilities  and  proeeduree  used  to 
rediK*  the  oc^ioentratloQ  of  radSonucUdea 
in  effluents  phor  to  their  releaas: 

<d)  Voc'tbe  purpoees  of  this  aeoUoa 
the  eonoentntioa  llmlta  la  AppeQdls1l^ 
TWrfe  n  of  this  part  shaU  apply  at  tbe 
boundaiT  of  the^  nestricted  area.  The 
eoaoeotratkMi.H>^  DKUoaetlve  materia] 
discharged  throng^  a  stack,  pipe  or  afan- 
,  liar  conduit  may  be  detenntned  Jdth 
rttptct  to  the  point  where  the  material 
]£aves.  the  ooodult.  If  the  conduit  dls- 
chargdi  within  the  restricted  area,  the 
coneeotratlon  at  the  boundary  may  be 
determined  by  api^ying  appropriate 
factors  for  dilution,  dispersion,  or  decay 
between  the  point  of  discharge  and  the 
boundary. 

(e)  In  addition  to  limiting  conceh- 
trattona  in  effluent  streams,  the  Com- 
mission auiy  limit  quantities  of  radkn 
actlvsin^aterlaU  released  in  ah-  or  water 
during  a  spedfled*  period  of  time  if  it  ' 
appears  that  the  daily  Intake  of  radio- 
active material  from  air,  wateif,  or  food 
by  ar  sul  table  aample  of  an  esqweed  pop- 
ulatiott  group,  averaged  over  a  pnipd 
not  exceeding  one  year,  would  otherwles 
axeeed  the  dally  Intake  resulting  from 
eonttmious  exposure  to  air  or  water  con- 
imtag  on4-thlrd  the  concentratioa  of 
tadioaeUre  auterlals  spietted  in  Ap- 
pends ''B^  Table  n  of  this  part 
^  (f>  THe  provisions  of  this  aeetldn  do 
not  apply  to  dlspoeU  of  radioactive  ma- 
tsrial  latd  sanitary  sewerage  aystema, 


y^;St£;?3LTwgIr%i.^nt^^^^  Lw^^Mtoreraedl^l^Jiff 

••<^f^^?to1K^  Medl<.laiag„o.,.«.I.Ker.py. 

the  efflucnU,  including:  |   ^^othlng  in  the  reg\{IaUons  in  thl#  part 

(1)  chemical  composition;  J        ^  interpreted  as  limiting  the  in- 

.(U)  physical  characteristics,  including  S  tentlonal  expoeure  of  patienU  to  radla- 

suspeode4  $<Md$  content  id  liquid  efflu-  ^  purpose  of  medical  dlagoosU 

ents,  and  natui^  of  gaa  or  aerosol  for  air  u.  or  medical  therapy. 

^"^f.^**/'    .  ^         /  ...      ^^^I9f  Ottler.,«qttlHiigfaml#hIngof 

(iU)  the'hy4rogen  ion  concentrations)        U&*asay  Mrvlcei. . 

iii^r2S2f^'«Sl.t^  f«     *  ^«  necessary  or  desirable  In  order  ' 
(IT)  the  siie^range  of  particulatea  ln|  to  i^d  in  determining  ^e  extent  of  wi* 


Q    \^\\  30, 1975 


ERIC 


846 


818 


PART  20  •  STANDARDS  FOR  PROTECTION  AGAINST  RADIATION 


lodlTidual'i  expoiure  to  concentration* 
of  r»dlo«cUTe  mtterUl.  the  Commlstion 
mar  incorporate  appropriate  proTltlon* 
STiay  Ucenst,  dlrectlnf  the  Ucenaee  to 
ni*Vf  avalla\?le  to  the  Individual  appro- 
prlata  blo^astar  senrlcea  and  to  tuniUh 
'  a  copy  of  the  report*  of  such  »ervlcc«  to 
the  commiation. 

P«CAT7TZ0KA»T  PaOCtDU*» 
i  20.201  Sorter*. 

(a)  A*  used  In  the  regulaUon*  In  thU 
part  "•urrcr"  means  an  craluation  of 
the  Radiation  hazards  incident  to  the  pro- 
duction, use.  release,  disposal,  or  pres- 
ence of  radloacUTe  materials  or  other 
loutcea  of  radiation  under  a  specific  set 
of  condlUoAs.  When  appropriate,  such 
eyaluation  mcludes  a  physical  survey  of 
the'locaUon  of  materials  and  equipment, 
and  measurements  of  levels  of  radiation 
or  conccntraUons  of  radloacUve  material 
present. 

(b)  Sacb  licensee  than  make  or  cause 
to  be  made  such  surveys  as  mar  be  nwes 
sary/or  him  to  complr  with  the  rerula 
tku  In  thU  part. 
§20.202   ^enoonel  monitorinf. 

(a)  Each  liceiisee  sh<U  supply  appro- 
prUte  penonncl  monltorlnf  equipment 
to,  and  shall  require  the  use  of  such 
equipment  by: 

(1)  Each  individual  who  enters  a  re- 
stricted area  under  such  circumstances 
that  he  receives,  or  U  Hkcly  t^  receive, 
a  dose  In  any  calendar  quarter  in  excess 
of  25  percent  of  the  applicable  value 
specified  In  paragraph  (a>  of  r  20,101 
i2)  Each  individual  under  18  years  of 
aie  who  enters  a  restricted  area  under 
such  circumsunccs  that  he  receive*,  or 
is  likely  to  receive,  a  dose  In  any  calen- 
dar quarter  in  excess  of  5  percent  of 
the  applicable  value  specified  in  para- 
graph (a)  of  I  20.101. 

(3)'^h  individual  who  enters  a  high 
radiation  area. 

(b)  As  used  In  this  part, 

(1)  "Personnel  monltorlnf  equipment" 
means  device*  designed  to  be  worn  or 
carried  by  an  Individual  for  the  purpose 
of  measurlnc  the  dose  received  (e.  i.. 
film  badge*,  pocket  chambers,  pocket 
dosimeters,  film  rings,  etc.) ; 

(2)  "Badlatlon  area"  mean*  any  arei^, 
acces*lble  to  persoxmel,  In  which  there 
exUts  radiation,  originating  ih  whole  or 
in  part  within  llcercied  material,  at  such 
level*  that  a  major  portion  of  the  body 
could  receive  In  any  one  hour  a  do*e  In 
excess  of  6  mllllrem.  or  In  any  5  con- 
secutive days  a  dose  In  excess  of  100 
milllrems,'  „ 

(3)  ''High  radiation  area"  means  any  g 
ar^,  accessible  to  personnel,  in  which  » 
there  exist*  radiation  originating  In  J 
whole  or  In  part  within  licensed  mate-  ^ 
rial  at  *uch  levels  that  a  major  portion  ^ 
of  the  body  could  receive  In  any  one  hour 
a  (lo*e  In  excess  of  100  mUllrem. 


(a)  O^.al.  rt)  Except  a*  othcrwUe 
.iithoriMd  by  the  Commission,  sym- 
SS^OTSSllSd  by  thl*  RcUon  shall  use 

SiSSu  or  purpto  on  7^^^ 
^3jd).  ThesymtbolprwUjedby  toU 
llctton  U  the  conventional  three-bladed 
design:   . 


1.  croM.b»tch»<!  »m  U  to  b«  m»i«nU  or 

'^T^aickground  U  to  b«  r^Uow. 


f  . 

^  |20«20S    C««ii«m  UbtU,  tlgnaK 

Sf  MidcontroU. 


(2)  In  addition  to  the  content*  of  Sign* 
and  UbeU  preacribed  In  thl*  section,  U- 
censees  may  provide  on  or  near  such 
signs  and  UbeU  any  addiUonal  informa- 
Uon  which  may  be  approprUte  Jn  aiding 
IndlviduaU  to  minimize  exposure  to  radl- 
aUon  or  to  radioacUve  material. 
^   (b)  Radkition  areas.  Each  radUUon 
area  shall  be  conspicuously  posted  with 
a  sign  or  «lgns  bearing  the  radUUon  cau- 
tion symbol  and  the  words: 
•   CAUTION  > 
RADIATION  ABXA  ' 

(c)  High  radiation  areat.  CI)  Each 
high  radiation  area  shall  be  conspicu- 
ously posted  with  a  sign  or  signs  bwlng 
the  radUtlon  caution  symbol  and  the 

words:  l.^^nJ,  ' 

oAxmoN* 

BIOR  SUDIATION  AUA  *^ 

~   (2)  Each  entrance  or  access  point  t6 
a  high  radUtion  area  shall  be:  - 

(1)  Equipped  with  a  control  device 
which  shall  cause  the  level  of  radUtion 
to  be  reduced  below  that  at  which  «n 
IndlvlduiTmlght  receive  a  dose  of  100  . 
>  tpn»r»m«  in  1  hour  upon  entry  IntOjthe 
I  ana;  or 

^  (U)  Equipped  with  a  control  dei^ce 
which  shall  energize  a  conspicuous  vis- 
ible or  audible  altei  signal  In  »uch  a 
xnanner  that  the  Individual  entering  the 
high  radiation  area  and  the  Ucensee  or 
a  supervisor  of  the  acUvlty  are  made 
awnre  of  the  entry;  or 

(Ui>  Maintained  locked  except  during 
period*  when  acces*  to  the  area  U  re- 


1 
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quired,  with  podttve  control  over  each 
Individual  entry.  . 
"  (S)  The  controU  required  ™P«»- 
graph  (2)  of  thU  P<««^P^»S»t^ 
SS)lIshed  in  such  »  W  that  no 
Tldual  wUl  be  preycnted  from  leaving  a 
high  radUtlon  area.  " 

U)  In  the  case  of  a  high  radUUon 
arS^^esMhSfor  A  period  of  80  djyi 
5MJs?35cct  survellUnce  to  prey<»t  tm-  . 
Sutoorized  gntry  may  be 
the  wntioU  required  by  subparagraph 
(2)  of  thU  paragraph- 

(fi)  Any  licensee,  or  applicant  lor  sr 
iicttie^y  to  the  CommUrion- 
fo^irovil  of  methods  not  Included  In 
I^^KSlS  (2)  and  (4)  of  thU  para- 
SsKcontroUlng  access  to  Wgh  ra^- 

Itto   areu.  2?2^m  If  TSJ 

approve  the  proposed  ilterr^ves  ir  tne 
licensee  or  appUcant  dcmons|rato^^  that 
toe^maUve  methods  of  control  vrtU 
prevSnt  unauthorized  enuy  Into  ahlgh 
?JSlSon  are*,  and  that  the  requl^ent 
S^wagn«)h  f3)  of  this  paragraph  Is 
met.  * 
id)  AiThpme  radioactivity  area*,  ay 

^irbSme  radloacuvlty  area"  mwM  a> 
a^  Wi.  endoture,  or  operating  am 
to  whJSi  ilrborne  radloacUve  ff,^^ 
Smposed  wholGr  or  P«^^  ^^l^^^ 
MtSlIa  exist  to  concentraUons  to  ex- 
Ss^ramounU  specified  to  Appen- 
dUB  TableT  column  1  of  tW*  Part^ 
(U)  iny  room,  enclosure,  or  operattnr 
JtL  inwhich  airborne  radioactive  mate- 

material  exists  to  concentraUons  which, 
^!^LMtdG^  Se  number  of  hour*  In 
1^  wwk  during  which  todhrlduaU  are 
K  »Ua!^eed;25^^^^ 
amounU  specified  to  Appendix  B,  Table  i. 
Column  1  of  thU  part. 
(2)Each  airborne  radloacUrity  ar«^ 

rbol  »nd  the  word»:  * 
OATmow  \ 
.  -  AiMomini  KADioAcrnvrrr  ama  . 

«e»  or  room  In  which  Ucenied  «n»tertal 
iWwitorS  »nd  which  oonUta*  «ny 
KcMT^mXui  (Other th.,n Mturjl 
S^nlm  ortooftuB)  in  » 

caution  «ymbol  and  toe  word*: 
'  OATOON* 
«ADIOACnV»  UATWIAI*(8) 

(2)  Each  area  or  room  to  f  ^di  nat- 
Ul  uranium  ^orirmjM^^ 

SrihrradUUoh  caution  *ymbol 
1^  the  word*: 
=  OAimoN* 

»ADlbACTIV«.MATBWAL(8) 
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ronU  -CAXrnoN.  RADiOAcnvi:  «  luhed  la  ihttn^uomiX 


'CAXmON,  RADIOACTIVE 

 — '  or  "DAKOE31,  RADIOAC- 

MATEBIAL".  It  »h«ll  alao  provWe 
ent  infonnaUon'  to  pennft  in- 
dirldtUla  handling  or  udnc  the  con- 
].  or  working  In  the  rlcinlty  there- 
of, to  tfkt  precaution*  to  avoid  or  mini- 
mize ezbocure). 

(3)  Notwlthitandlng  the  provWoni  of 
fiSff^P^  ^  Paramph. 

(1)  For  iwitalnen  that  do  not  con- 
tain llcenjcaSmaterlalx  in  quantities 
freater  ^han  tn«  applicable  quantltlet 
lUted  In  Appendix  Clof  this  part. 

Tot  contalnft^contalninir  onlj^ 


<c>  CauUon  sicns  are  not  required  to 
be  potted  at  areas  or  rooms  contalnlni 
radloacUfe  materlali  for  period*  of  less 
▼  than  eight  hours  provided  that  (1)  the 
g  materlali  are  constantly  attended  durlni 
~  such  periods  by  an  IndlrlduaHrho  shall 
take  the  precauUons  necessary  to  pre- 
rent  the  exposure  of  any  Individual  to 
radiation  or  radioactlTe  materials  in  ex- 
eeas  of  the  llmlU  established  in  the  regu- 
lations in  this  part  and;  (2)  such  area  or 
room  Is  subject  to  the  licensee's  control. 


(d)  A  room  or  other  area  Is  not  re- 
quired to  be  posted  with  a  caution  sign, 
and  control  Is  hot  required  for  each  en- 


I  TransporUUon. 


(U)  ^ 

^  natural  uranium  or  thorium  In  quantities 

j«  no  greater  than  10  times  the  applicable  ^  *****  *•      remurea  lor  eacn  en- 

2  quanUUe<(  lUted  In  Appendix  C  of  this  2  ^^^e  or  acce«  point  to  a  room  or  other 
c  P*rt.  ^^'^""^  i<  01  uus  w  area  which  ta  a  high  radlauon  area  solely 

(Ul)  For  containers  that  do  not  con-      because  of  the  Rresence  of  radloacUve 
lamucensedmaterlaUlnooncentraUons  I?  materUb  prepared  for'  transport  and 
Us^in  r  J^n';"!L^S'^"*'^  I  I*^<«i«<Jl*beIed  in  accordance  with 
SJM^tSsSlr^  ^'        I  ??«^tlons   of   the  Department 

(It)  For  containers  when  they  are  at- 
tended by  an  Indlrldual  who  takes  the 
precautions  necessary  to  prevent  the 
exposure  of  any  Individual  to  radlaUon  w 
radioactive  materials  in  excess  of  the 
UmiU  established  by  the  regulations  In 
this  part.  * 

(V)  For  containers  whm  they  are  in 
tranwrt  and  packaged  and  labeled  in 
accordance  with  rcgulauons  of  the  ♦ 
Department  of  Trans  porUtlon  . 

iJ,^?       contahiers  which  are  acces- 
alble  only  to  individuals  attthorlz^ 

vlcmity  thereof,  Provided  that  the  con- 
tenU  are  Identified  to  such  individuals 
^'^.i.f^^^  available  written  record 

(yU)  For  manufacturing  or  process 
equipment,  such  as  nuclear  reactors  re- 
actor components,  piping,  and  tanks 


cUys  and  a  total  quantity  oC  no  awr* 
than  100  mffljcuriea.  • 

joon  Mpra^fcahle  aftir  receipt.  bSiao 
]«ter  than  three  hours  antftha  olSZ 
age  la  recelTtt<i  at  the  iieeaaee's 
If  received  during  the  UcsoMt's  noxmsi 
woridng  hours,  or  elghteto  hours  If  re- 
ceived after  normal  worktag  hours. 

<2)  n  removable  radlo«tlTe  contaml- 
<2,000  dlstotccratioos  per  mhate;  per 

f  ace  la  Xbmid  CO  tbt  tilernalTwSJ^ 
the  pwkage,.the  IlcenMe  shan  Ii^eiU- 
ately  notify  the  final  delivering  carrier 
and*  by  telephone  and  telem;^  tba  ap- 
propriite  Nuclei  Regulito^  Cbmmkibfi  In- 
wction  snd  Enforcement  Regions]  Office 
ihown  in  Appendix  a 


Tm«  or  Knacp 

r  A»»  Ttw  A  QturTOTS 

Trtniport  froop  1 

IV  

V  __. 

vr.   

vn..^  I„.;r 

.01 

&1 

1 

1 

1 

1 

31,000 
1 

am 
aoM 
s 

ao 
ao 

1000 
1000 

ai 

520^04    Same:  exception*. 

4  Notwlthajanding  the  provisions  of 
g  i  20.203.  / 

5  (a)AA>om   ^  ^ 

cc-^bTpestW  with  a  caution  sign  because  of 

I the  presence  of  a  sealed  source  provided 
ths  radiation  level  twelve  inches  from 
tot  surface  of  the  source  conUIner  or 
housing  does  not  exceed  five  mllllrem 
per  hour. 

r*  (b)  Rooms  or  other  areas  in  hospitals 
j  are  not  required  to  be  posted  with  cau- 
I  tion  signs,  and  control  of  entrance  or 
I  access  thereto  pursuant  to  i  2a.203(c)  is 
I  not  required,  becatise  of  tlie  presence  of 


§  20^05   ,  ^  ,  , 

cefrlag,  mad  opening  iwcluige*. 
(aXl)'  isach  licensee  who  eipecU  to 
receive  a  package  containing  quantities 
of  radioactive  material  in  excess  of  the 
Type  A  qxiantities  specified  in  paragraph 
(b)  of  this  section  shall: 

(1)  If  the  package  is  to  be  delivered 
to  the  licensee's  faclUty  bj  the  carrier* 
make  arrangements  to  receive  the  pack- 
age when  it  is  offered  for  delivery  by  the 
carrier;  or 

(U)  If  Uie  package  is  to  be  picked  up 
by  the  licensee  at  the  carrier's  terminal, 
make  arrangements  tot  receive  notifica- 
tion ^rom  the  carrier  of  the  arrival  of  the 
package,  at  the  time  of  arrival 

(2)  each  licensee  who  picks 


IWdore.  for  picking  up.  rts  £  Eadi  licensee,  upon  receipt  of  a 

g,«naopenfajiSci«,iL  ^*     ©  ««J»?^  quantities  of  radios 

s  ^y^^  material  in  excess  of  the  Type  A 


  „„„  up  a 

r package  of  radioactive  material  from  a 
iio^fu   c  ^  carrier's  terminal  shall  pick  tip  the  pack- 

5  Z0^04   Same:  exception,.  c.       expeditiously  upon  recdiS  of  n^- 

,    Notwithstanding   the   provisions  of  S  c*tlon  from  the  carrier  of  lt»  arrival. 
I  i  20.203.  /  ~     (b)  (1)  Each  licensee,  upon  receipt  of 

?  <a)  AAoom  or  area  is  not  required  to  ^  *  Package  of  radioactive  material,  shall 
:-^brp#stJd  wlUi  a  caution  sign  because  of  2>  ^  external  surfaces  of  the 

package  for  radioactive  contamination 


•As  *pproprUU,  th#  Infocnuitlon  will  In. 
cludft  rtdUtloQ  imU.  kinds  of  mAterlal,  m. 
ttmmU  of  ftcUTlty.  OmU  tot  which  activity  ii 
MUmAUd.  mvm  ♦nrtchment, 

•For  fMmpi*.  containers  In  locations «uch 
as  waur-nilad  canals,  ttorag*  TaulU.  or  hot 
e«lls. 

*    Amended  34  FR  I9S46. 


quantities  specified  in  paragrai^  (b)  oC 
this  section,  other  than  those  transported 
br  exclusive-  use  vehicle  shiOl  mooHor 
the  radiiktloa  levels  external  to  the  pack* 
age.  The  package  shaU  be  monitored  as 
soon  as  practicable^  alter  receipt,  but  no 
later  than  three  hours  after  the  pacfaige 
is  received  at  the  licensee's  facility  If 
received  during  Uie  licensee's  normal 
working  hours,  or  ig  houn  If  reeelved 
after  normal  working  hours. 

(2)  If  radiation  levels  are  found  otf  the 
external  surface  of  the  pa^cage  In  excess 
of  200  milhrem  per  hour,  or  at  three  feet 
from  the  external  surface  of  the  package 
in  excess  of  10  mllllrem  per  hour,  the 
licensee  shall  Immediatdy  notify,  by 
telephone  and  telegraph,  the  final  de- 
livering carrier  and  the  appropriate 
Nuclear  Regulstory  Conimi»k>n  Inspection 
ind  Enforcement  Regionsl  Office  shown  in 
Appendix  D. 

(d)  Each  licensee  shall  estabUsh  and 
malntabi  procedures  for  safely  opening 
packages  in  which  licensed  matertslls 
received,  Imd  shall  assure  that  such  pro- 
cedures are  followed  and  that  due  eoo- 
slderation  is  given  to  special  instructions. 
_  for  the  type  of  package  being  opened; 


caused  by  leakisge  of  the  radioactive  con- 
tents^ except: 

(I)  Packages  coi^taining  no  more  than 
the  exempt  quantity  specified  in  the 
table  in  this  paragraph; 

(II)  Packages  containing  no  more 
than  10  miillcinles  of  radioactive  mate-  X 
rial  consisting  solely  of  tritium,  carbon-  ^  S  20.206   Instruction  of  personnel. 

";iSr&«  ^^SS  only  radio-  ^  I^JStructlons  required  for  individuals 
active  wkf^^^S^T^S^SiS:  w^^^,?5,V«^««nting  any  portion  of 
ac^c  niavcnax  m  gaKs  or  m  special  il  ^  restricted  area  are  specified  in  i  1».12 

(Iv)  Packages  containing  only  radio-  ZJ^^  ^  chapter, 
active  material  in  other  than  liquid  form 
(including  lfo-99/Tc-99m  generators) 
and  not  exceeding  the  Type  A  quantity 
limit  specified  in  the  table  in  this  para- 
graph; and 

(v)  Packages  containing  only  radio- 
nuclides Witt)  half-livee  of  less  than  .30 


*  The  4«AnJUottt  of  nnLMport  troop"  ud 
i**  are  tpedM  la  1 7U  of  iUs  cbapter. 


lonoi' 
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1 20^7    StoH99  of  Ucem»td  nuleriak. 

Llccnjed  mmterUU  itored  In  an  uiip»- 
ttrlcted  are*  ihjOl  be  lecured  »«*inii  un- 
authorized remoTEl  Irom  Uit  pUo«  of 

Wasti  Dxsfocal 
}  20.501    Geaena  rtquiremcwu 
No  liceiuee         dUpote  ol  llc«M«d 

"^ISrSrSertoanauthort^edrj. 
xdplcnt  M  proYlded  in  the  retjiUtlOM  to 
^rt  30, 40;  or  70  of  thU  chtpUr.  which- 
ever may  be  applicable ;  or 

(b)  Aa  authorUed  puraaant  w 
}  20.302;  or  ^   .  ^ 

(c)  Aa  provided  to  1 20^  or 
f  20.304,  appUcable  respecUvely  to  tha 
disposal  of  Ucenscd  nlaterlal  by  rOftiM 
into  sanitary  sewerat e  ayitenu  «  ourUl 
to  wU.  or  to  i  20.106  (  Radioactivity  m 

_  Effluent*  to  Unrestricted  Areaa) . 
S  8  20.302    Method  for okulnlMapptOT^ 
i        of  propoied  dltpoMil  pro<«lurei. 

*  (a)  Aof  licensee  or  wpUcant  for  a 
^  license  iiay  apply  to  the  Commission  Wr 
approval  of  proposed  procedurea  to  dU- 
^  of  Ucensed  material  in  a  m«>ner  not 
bthcrwlse  authorized  to  the  Wilatt?" 
tothls chapter.  EachappllcaUon^uld 


(1>  The  ciuantity  ''W^' "^J^^^  |  S?w«ato  <rf^e  body  counttoc  ex«n- 
the  averue  dally  quanU^  I  JSSS  made  pursuant  to  1 2g,lWki^.- 

teased  toto  the  aewer  ))y  the  aMOMt^  oc  ^^^r^^  todeflnltely  or  watll  thf 

emialtothellmlUfpecifledtoAppeldlxW  ^^^^JSj;^  must  be  mato Wn^^ 
B  Tablfrl.  Column  2  of  thU  part;  or            to  this  part  may  be  matotaWed  M 
'(2)  Ten  tlmea  the  ijuanUty  of  such         fora.of  mlcrofllms. 
aterial  apedfled  to  Appento  C  of  thU  U    •  / 


B 

(2)  Ten  tlmea  th- 
material  apedfled  to  Appenmx 
Dait:  and  "  . 

(c>  The  guanUty  of  any  Ucwiaed  or 
other  radlo«rtlve  material  released  to 
my  one  month.  If  dUuted  by  the 
monthly  quantity  of  water  releaaed  by 
the  Ucenaee,  wlU  not  rctult  to  an  averace 
concentration  exceedtof  tjie  UmlU  apec- 
used  to  Appendix  B.  Tabte  t  Cohmin  2 
of  this  part;  and  ^  . 

(d)  The  trosi  ouantlty  of  licensed  jmd 
other  ladloauUve  material  releaaed  Into 
the  sewerage  system  by  the  Ucenaee  does 

not  exceed  one  carle  vkc  year. 
Acereta  from  todlvlduaU  undeifotof 
medical  dUiniosla  or  therapy  with  radlo- 
Mtlve  material  shall  be  «empt  from 
any  llmlUtlona  oontalnod  to  this 
section. 

§20.304   I)iapos«l  iSr  fcwW  in  •oO. 
No  Ucenaee  shaU  dlspoae  of  Uotnaad 


m  tnis  cnapier.  "T^Tir. 

include  a  description  of  theUcenseama-=        uKw^fo  m**^      —  - 

SriiSndW^^  „H 
involved  Indudtof  the  ouantlUea  ^andc^^^^^'total  ouanUt^ 
S™\uch  material^and  thS  l«'^S;oti«  ^oacttveVaterlaU^^^^ 
radioactivity  Involved,  and  the  P«>poaedSooe  location  and  tlma  doeyw*  exceeo.  w 
^.^.r^A  LnAitioni  of  dlspoaaL  Tha  |  ^  time  of  burial.  1.000  tl^^tlw  wio^ 


manner  and  conditions  Of  dlspoaaL  Tha 
appUcatioo  ihould  also  todude  an  aa^- 
ysls  ahd  evaluation  of  pertinent  Informa- 
tion aa  to  the  nature  of  the  envlronmant, 
tocludtof  topotraphlcal.  iraolo^^^ 
teorolof  leal,  and  hydrolot^cal  cj»«2«- 
IsUcs;  usaae  of  round  and  Mrfaoa 
waters  to  the  general  area;  ^^5»*V2 
and  location  of  other  potenU^  affected 
fscUltlea;  and  procedurea  to  beobaMrea 
to  miSSiaa  the  riak  of  unexpected  or 
l^^zardoua  txpoaurla. 

r*  (b)  The  co»inisalon^wl4  not  awprora 
a  iX  atmUcation  for  a  Ucensa  to  recdva 
«  uSntSmS^  from  oth«r  pjn«n»^ 
S  dJSS  on  land  <>wned  by  toe 
to  FWeral  government  or  by  a  BUia 
^jjfovemment  * 

r*  (c)  The  commission  wiU  not  JPPJS^ 
»  any  appUcaUon  for  a  license  'or  tUsp<MWl 
a  ofllcenaed  material  at  J^f*  J^* 
I  appUcant  shows  that  sea  diWf  la  o^«^ 
S  iMi  h^rm  to  man  or  the  environment 
I  thinS  practical  alternative  methods 
^  of  disposal. 
1 20303  DUpoMl  J>y  releana  Into  •«nl- 
tary  »«wer«go  syilemi. 

No  Ucens^  thiU  ^^^^^^^^ 
material  toto  a  sanitary  sewerAie  iyitem 


20.iO2    Rfportw  of  thcfl  or  lo».« 
lirentcd  m«ten»t 

(ft)  Each  Ucensee  shiOl  report  by  tele- 
phone  l^d  telegraph  to  the  Director  of 

,io^n  iMpwticm  ind  Enforcement  Refionil  . 
Oflice  Ikted 

Iri  Appendix  D,  immcdifiitely  after  lU  oc- 
currence becomes  known  to  the  llc«nf««» 
any  loss  or  theft  of  licensed  material  to 
such  quantities  and  under  such  drcum- 
,  stances  that  it  appears  to  th*  Ucensee 
that  a  subsUntlal  hazard  may  result  to 
I  persons  to  unrestricted  areas. 

(b)  Eacli  licensee  who  Is  required  to 
make  a  telephonic  and  t^c»raphlo  re- 
port pursuant  to  paragraph  (a)  of  tWa 
section  shaU,  witiito  30  days  %fter  he 
learns  of  the  loss  or  theft,  make  a  report 
In  writini  to  the  Diwctoi  oi'«?«ftion  and 

miuton,  WirfUtiton,  D.C  20555.  wifli  s 
copy  to  the  Director  of  the  ippropristc  Nu- 
dm  RefuUtoi^  Commiiiionlnipscwn  snd 
EntorcelKent  Refiontl  OfTice  Hited  in  Appen- 
dixD,  .  . 

setting  forth  the  foUowtog  tofonnatlon. 

description  of  the  licensed 


tha  time  or  WiTMU.  1.WW   ■ ;  a  (D  a   acscwv"""   "*  rv.T-« 

-SSaed  to  Appendix  C  cFthlspjrt:  and  §  ^^^^01  tovolved  Including  ktod.  quan 

(b)  BurliOli  at  a  minimum  depth  of  |o  y^y.  chemical,  and  physical  form: 

four  f<H:  and        '  ^             *  ^  w-  =  (2)  a  description  of  the  clrcum- 

(c>  SuiSSveburialaareatparat^  under  which  the  loss.o;  theft 

dJatancegofatleaitsbtfectandnotmort^  occurred: 

&u.«.  i4Kii*4ftiaMmadatoanyyear.  (3)  X  statement  of  dl/q>osltlon  or 


:  unleu: 
(a) 


12  buriali  are  made  to  any  year- 
I  SO  JOS  TVestMwHordUpoMlbytoefai- 
anitkm* 

No  Ucenae-a  ihaU  treat  or  dUpose  of 
Ucensed  material  by  l^f  ^eration  ejwt 
M  spcciflcaUy  approved  by  the  Cc>nwnw- 
"on^SS  to  M  20.108(b>  and  20.302, 

unotM.  «»otM.  wf»  iwmncATKM* 

120.401    Records  ot  •urveri.  rsdislloit 
monitoring*  nnd  dlipotal. 
(a)  Each  Ucensee  shall  maintain  rec- 
ords showing  the  radiation  exposures  of 
aUlndivlduaU  for  whom  Pfwoj?'* 
Ttori^  U  required  under  1 20.202  of  the 

S^ce  with  the  ln«tnictions  cont^^^^ 
that  form  or  on  clear  and  leglb  e  rcc- 
Sds  conUlning  all  the  Infcnmation 
quS^by  Form  NRC.5,  TTjf^*"^*^ 
211^  forms  ot  lecoid.  ^^^"^^^  ^j.,,. 
oeriods  of  time  not  exceeding  one  caien 
"dar  quarter.  / 


ial  toto  a  sanii»ry  ■cwci«»«   (wv         ucensv*  TT^vtT^** 

»  ^         Sftr^inthasamaunlUusadtothlaiw.  ^ 

^         it  U  readUy  soluble  or  dlflperslble  g  the  reaulU  ^•^•J*!^^       20.403  N«»if.rsUon.  of  »nchi*ni., 

«  ^(^r^e^'^^tity  of  any  licensed  orS  ?I ^l^O^tT^d  wSS^^  1  ^S.^,l'l±XXTut^^^^^ 

oth'ei  Sl^oiJdJ^rSaterial  released  cc  J^^'oftt" 

the  system  by  the  Ucensee  to  any  one£.   ^  ^  ^^^^^  ^  ^  ^uion  Iiipectlon  and  Enforcement  Re- 

<o).  to  radloacUve  matwial  V  ,ional  Office 


provable  disposition  of  the  Ucensed 
material  tovolved: 

(4)  Radiation  «P<>«^««  Jl^^H^^l  « 
Tials.  clrcu?nsUnces  under  wh^  toe  «- 
posores  occurred,  and  the  extent  or  poa 
Sbfe  hazard  to  persons  In  unrestricted 

arc&si  ^  * 

(6)  Actions  Which  have  been  tjJ^  or 

win  be  taken,  to  recover  the  matenai, 

*^%)  procedures  or  me"U«*„j2liS 
have  been  or  will  be  fdoPt«l,iS,f 
ft  recurrence  of  the  loss  or  theft  of  U- 
censed  material.   

(c)  Subsequent  to  flUng  the  vrritt«i 
rewrt  thTucensee  shaU  also  ;eport  a^ 
STsUntivo  additional  Information  c» 
to  loss  or  thef  t^which  becomea  ay  tU^le 

tTttit  licensee,  wltiito  30^dayf  after  he 
Uftms  of  such  information.  > 

(d)  Any  report'fllcd  with  t:io  Com- 
mSlon  piirsuint  to  thU  ^f^^^'^l^^ 
loprepared  that  names  of  IndWlduMa 
wh^  ma/have  .received  exposure  to 
SSatiod  are  sU<ed  in  a  wparaU  part 
•C  the  rcpoi:t. 


Rtdesifnated  36  FR  23I3«. 
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Shown  InVpjxJndbc  D  by  telephone  and 
wsietraph  of  *nr  incident  involvinc  by 
prodQct.  source  or  special  nuclear  mate- 
rial  poises.wJ  by  him  and  which  may 
have  caused  or  threatens  to  cause- 
.  °'  ^«  ^hole  body  ot  any 

ndivldual  to  25  rcms  or  morVof  radia- 
tion; exposure  of  the  sJcln  of  the  whole 
^  body  of  any  ^dividjiftl  of  150  rcms  or 
more  of  ra(fiatlon.  or  exposure  of  the 
lect,  ankles,  hands  or  forearms  of  any 
Individual  ta  375  rcms  or  morcof  radla' 
fion;  or'  '  . 

<2)  The  release  of  radioacUve  mate- 
mi  in  concentrations  which,  if  averaccd 
°'  24  hours,  would  exceed 
5.000  times  the  limits  speeificd  for  such 
materials  In  Appendix  B.  Table  IT;  or 
,  <3)  A  loss  of  one  working  week  or 
more  of  the  operation  of  ikny  facilities 
anpcteU.*  oc 

^  prepcrty  In  excess  of 
$100,000  J  ^ 

<b)  Tvicnty-iQUT  hour  notificaUon 
Each  licensee^  shall  wlthm  24  hours 
notify  the  Director  of^thc  appropiiato 
Nuclcti^ReguUtoiy  Commission  inspection 
«r*  Enforcement  Regional  Office  Ujted  in 
Ap^ndix  D  ^ 

by  telephone  and  telegraph  of  any  incl. 
dent  Involvinc  licensed  material  pos- 
seted by  him  and  which  may  have 
paused  01*  threatens  to  cause: 

<1)  Exposure  of  the  whole  body  of  any 
Individoal  to  5  rema  or  more  qf  radia- 
tion; ejyxxure  of  the  skin  of'the-whole 
body  of  any  Individual  to  30  resM  or 
more  of  radiation;  or  cx|>9surc  of  the 
feet,  anWe*.  h&ndii,  or  fo^Hrm*  to  75 
reoj  or  more  of  radiation;  or 

(3)  Tht  release  of  radioacUre  mat«. 
rial  in  concentratlona  wHich,  If  artr- 
aged  over  a  period  of  24  hours,  would 
exceed  500  ttmcs  the  limits  tPCclfJed  for 
auch  materials  in  Appendix  B  Table  II-- 
or        »  .  '  ' 

(3)  A  loss  of  one  day  or  more  of  the 
operation  of  any  facilities  affected,'*  or 
$1  (Jw  ^'  P^oP«'ty  to  wceta  of 


?^     <c)  Asxf  report  filed  with  tbe  Com-JS 
g  -mls^n  pursuant  to  thia  aectlon  shall  be 
^  prepared  ao  taut'njunes  of  indlvMual* 
SfifTJ'^^^^d^^fP^fuxetonuJJAtlon 
8  iSiif         *"  *  •wr»t»  part  of  the 

.     §20.404     t  .       ^     .  I    .  ' 

1 20.44)5    Reporu  of  oy«rex|Mmirc«  «n<f 
•xceislve  IrveU^nd  coacenlmtloiu. 
(a)  In  addition  to  any  notification 
required  by  |  20.403.  each  Ucenaee  shaU 
make  a  report     wrlUn*  within  30  diya 
to  the  Dircctor^f  Inspection  and  Enforce- 
ment  U.a  Nucleju  Regulatory  Commisiion, 
WaslTin|ton,  D.C  20545.  with  a  copy  to  the 
appropriate  Nuclear  RefuUtory  Commission 
Inspection  and  Enforcement  Rejional  Office 
-^jilted  in  Appendix  D,  4 
of  m  each  exposUre  of  an  individual  lo 
radiation  or  concentrations  of  raAoac- 

.  hIu"*? ^r!S^  ^^^^  °'  aPWlcable 
1  mit  In  thl#  part  or  In  Ihe  licensee's 
Ucense:  (2)  any  Incident  for  which  ndti- 
flcaUon  if  required  by  f  20.403;  and  (3) 
levels  of  radiation  or  concentrations  of 
radioactive  mattirial  (^lot  fnvolrinf  ex- 
c^lve  exposure  of  any  individual)  m 


and    I  a 


an  unrestrtc^  are*'  In  excess  of  ten 
^Imes  any  appUcaWe  UmJt  set  forth  in 
Jhls  p«rt  or  in  the  licensee's  license. 

^-  Each  report  requited  under 

this  pArafrmph  sh^n  describe  the  exte^t 
of  expoturcf  of  peikxu  to  r»dl»tlo9  or  to 
radioactire  material,  <Tv*hv<<nf  estimates 
of  each  indivlduaTs  exposure  as  required 
by  paracraph  (b)  of  this  section;  IcreU  of 
radiation  and  concentrations  of  i»dl6- 
g  *cUit  material  inTolved;  the  cause  of 
12  the  Ci^posure.  lerels  or  concentrations; 
cc  mnd  co?rrectiye  steps  taken  or  planned  to 

wureitaiMt*  recurrence. 
S  (b)  Any  report  filed  with  the  Commis- 
sion pursuant  to  this  section  shall  in- 
clude for  each  indlvidumi  exposed  the 
name,  social  security  number,  and  date 
of  birth;  and  an  estlmAte  of  the  indi- 
vidual'<  exposure.  The  report  shall  be 
prepared  so 'that  this  information  is 
sUted  in  a  separate  part  of  the  report 

(c)    t  * 

_§  20.406 

I  20.407    Penonnel  mcpftm^  and,  wm» 
"  Itoriiic  repotls.  2 

(a)  This  section  applies  to  e|ch  person  li- 
censed by  the  Commission  or  the  Atomic  En- 
ergy Commission  to: 

(1)  Opera^  1  nuclear  reactor  de- 
«I«ned  to  produce  electrical  or  heat 
tntrwy  Pursuant  to 6051  (b>  or  f  50.32 
of  thU  chapter  or  a  testinc  facility  a« 
defined  in  i  50.3(r)  *of  this  chapter- 

(2)  Poflseu  or  use  byproduct  material 
for  purposes  of  radiography  pursuant  to 
Parts  30  and  34  of  this  ^pt^;  \ 

(3)  Poesess  or  use  at  any  one  time, 
for  pmpoees  of  fi^l  processinr  fabrica- 
tion, or  reproceaslnr,  special  nuclear  ma- 
terial in  a  quantity  exceeding  6,000  crams 
of  omtained  tuanium-335,  uranium-233 
or  Plutonium  or  anjr  combination  thereof 
pursuant  to  Part  70  of  this  chapter;  or 

Po^^  or  use  at  any  one  time, 
l^J^l?^^  nianufacturinc  for^'dis- 
tribuUon^thuant  to  Part  30,  32,  or  S3 
of  this  c&pter, /byproduct  material  In 
quantitleajp^fceedlnt  anyone  of  the  fd- 
lowinc  quantities 

lUidionuelUU » 
Ctalum-137  -  

Cobalt-eo  .  4  , 

lodint-iai  :::::::::  

Iridium-iw  .V 


,  •«tlTltlesr  corerlnf  the  precedliw  calen- 
dar year;  »  v«ucu 

(1)  A  report  of  either  (i>  the  total 
number,  of  indWduaU  for  whom  ^ 
eomel  monltorin»  w&s  required  under 
H  api502(a)  or  3iU5(a)  oTthls  chartS 
durlnrt^p  calendar  year,  or  (H)  thetotaA 
2^^2.fX.iS?^"^  ror  whom  peiKS: 
ael  mjtaltorlnc  was  prorlded  durinr  the 
»I«o2*f  year;  Proefcled,  that  Aichtotal 
toduderf  at  least  the  number  of^^ 
^required  to  he  reported  under  para-  * 
graph  (b)  (i)  (i)  of  this  secttoa.  Ohe  re* 
port  shaU  indicate  whether  It  k  sub- 
mitted In  accordance  irtth  paragraph^ 
<b)  (1)  U)  or  (11)  of  this  sec tioo. 
^t.^^^_^  etattotical  summary  report  of 
t^epe««ti  mpnlt<Atag  information 
JVorded  by  the  licensee  for  Individuals 
lOT  whom  penocnel  monitofinc  was 
either  reqtdred  or  provided*  as  described 
in  1 20^7(b) (l),-indlcatoi  thenSbS 
of  individuals  whose  total  li^lVb^ 
exposure  recorded  during  the  previoQi 
-plendar  year  was  in  each  of  the^oUow  " 
ipg  estimated  ea^txmuv  ranges: 
Xnimated.  WhtOe.  Bodp      Number  of 

(Xe«ru)«  fchr%%§€ 

Ko  mtasarablt  tzpoaur*  

l<H«urabI«  axpocur*  Ims  tfiaa  <u~ 

0.1  to  0J5__^   _ 

0.35  to  OJ  


0.75  to  1  

3  to  3  

%  to  4  

4  to  S_  

S  to  S  

«  to  7  , 

7  to  t  

t  to  »  

»  to  10  

10  to  11  

11  to  12.:   

12+  

— ^-*a«^ty  in  curies 


The  Iqw  exposure  range  data  are  re- 
milred  In  order  to  obtain  better  inf  orma- 
tlon  about  tht  exposures  actuiOly  re- 
corded. This  secuon  does  not  require 
improved  measurements, 

§20.408  Reporu  oi  personnel  expo- 
sure on  termination  of  emplorment 
or<work.  . 

When  an  individual  terminate*  em- 
ployment with  a  licensee^  sublect  to 


iS.  S  {  20.407 


or  an  ini 


^dual  iailg  . 
e'sfacmty>bj 


to 
not 


»ypton^  —  i  ooS  ^  .  

Jrora«ti^um-i47  II       '  to  u)  work  in  such  a  licensee's  facility  bik  not 

T«chn.uum.»m   i,ooo£  employed  by  the  licensee.  completS  hU 

(b)^Each  person  described  in  nar*- x  !S°^l^»«*<^«?t  In  the  licensee's  facUlty, 
graph  (a)  of'^sS^anTS^  ItL^i^i^Jl 


the  first  quarter  of  each  calendar  year, 

submit  to  the  Executive  Director  for  Opera- 
tions, U  S.  Nudear  Regulatory  CommliSon, 
Washington,  D.C  20555,  the  following  re- 
porU,  applicable  to  the  described  Ucensed 


Director  for  Operation*,  U.S.  Nuclear  Regu* 
Ittory  Commisiion,  Washington,  D.C  20555. 
a  report  of  the  in- 
dividual's exposure  to  tadUtion  and  ra- 
dioactive material,  inourred  during  the 


t    Deleted  3H^hR  22220. 


>  Th9  commlnion  may  r«qtilt«.  a«  a  ilctnaa 
condlUon,  or  by^rui*.  rtgulatlOQ.  or  ord«r 
pursuant  to  f  30^,  rtporta  from  UcanaMs 
Who  w«  Uc«nMd  to  um  radlociuciidM  not  oa 
tnu  li<t»  in  quantltiM  auOcUnt  to  c^ndm 
comparabi*  radiation  i«rtlt.  ^ 
t    Deleted  3«  FR  22M0. 


^  A  licensee  whose  Hcensc  expl 
nates  prjtfr  to.  or  on  the  last  iUy  o 
t^iV  ^'r*  **)^"  reports  at  tl 

fiit  «^'**"."!L"*"^"     the  iKtnse.  coi^ 
<S"f/cct!  ' 

•IndlTidual  taIum  •xaetiy  Muat'  to 
taluet  Mparatlng  ftrpoaura  RangM^; 
rvortw  in  tht  hlgbtr^Lift.^^ 
•    Amended  38  FR  22220. 
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Ipiriod  of  employment  or  wotk  Mfto-  . 
Snt  in  the  liceii.ce^»  f*clUiy.  conUin- 
«  ln«inIonn»Uon.reoordcd  by  the  Hi^OKe 

-  »  i^rtihmU  furnished  wlUiin^30'd»y»  ^ 
£  after  the  expocure  of  the  IndiTidual  ht* 
•  been  detem^  by  the  Ucoiii^  or  W 
"  dmriafterthedateoftermlnmtlon  of  em- 
ployment or  wo*  »s&ifnment,  whlchthrcr 
Ue*rller. 


ami*  rcyrU 


(»)  RegnlremenU  for  ndtiflc»Uon» 
and  repotta  to  todWdufcU  of  expO^jire  to 
MdUtloo  ot  imdlo«tiTt  m*tetl«l  we 
specified  In  1 19.13  of  thU  chapter. 

<b)  Whtfi  n  Ucenset  U  requlal  pof- 
luant  to  Ift0.«5  or  20.40t  to»oct  to, 
the  CornxniaAon  any  exposure  m- 

dirldual  to  ^k'^^^^P^^'^wtJ^^ 
texiai,  the  Utoisee  ihaU  abo  xTCy  th« 
.•taditidual.  Sach  notice  ihafl  be  trani- 
mlttttl  at  It  time  not  later  U)*f  the 
tranimittal  to  the  CommiMlon,  tj^ 
comply  with  the  prorWoni  of  \  19.13(a) 
of-thl*  chapter. 

ExciynoKs  akd  Aoomt^fAL 
RiQTnjixiixifw 
S20.S0]  i^pUcatiovforcxempiiotw. 
<The  Commlalon  may,  upon  appUcaUon 
by  any  licensee  or  upon  Its  own  InitUtltc 
^nt  fuch  exemptions  from  the  require- 
-  mente  of  the  regulations  ^  UiU  Part  m  ' 

1  It  determines  are  »uthort«^^  Uw  and 
s  lail  not  result  in  undue  hazard  to  lUe  or 
J  prpperty. 

g  §20.502    Additional  req«lr««CTtU« 

The  Commission  may»  by  mle,  rejula- 
tlon,^r  order.  Impose  uP?"  "^^J!! 
such  requirements.  In  addition  to  tho«e 
esUbllshed  In  the  regulations  In  'this  ^ 
part,  as  it  deems  appropriate  or  necessary 
to  protect  health  or  to  minimize  danger 
to  life  or  property. 

"§  20.601  VioUtion*. 

An  injunction  or  other  court  order 
may  be  obtained  prohibiting  any  viola-  . 
■Uon  of  any  provision  of  the  Atomic 
Energy  Act  of  1954.  as  amended,  or /ntle 
II  of  Uie  Energy  Reorganization  Act  of 
1974  or  any  regulation  or.  order  Issued 
thereundter.  A  court  order  may  be  ob- 
Ulned  for  the  payment  of  a  clvU  P«nalty 
imposed  pursuant  to  cUon  234  of  Uie 
B  Act  for  violation  of  section  53,  57.  62  «3 

2  81  82,  101.  103.  104,  107.  or  H)9  of  the 
E  Act,  or  section  206  of  the  Energy  Reorga- 
9  nlzatlon  Act  of  f974.  or  any  cule,  regula- 
^  tlwi-or  order  Issued  thereunder,  or  any 

term.  condlUon.  or  limitation  of  any 
license  issued  thereunder,  or  ^or  any 
vlolaUon  for  which  a  license  may  be  re- 
voiSd  under  section  166  of  the  Act.  Apy 
person  who  wlllfiUly  violate.  |^y  pro- 
Vision  of  the  Act  or  any  regulation  or 
.order  Issued  thereunder  may  be  gul^^  of 
i  crime  and.  upon  '^nvlctlon.  may  be^ 
punlihcd  by "  flne  or  Imprisonment  or. 
both,  as  provided  bV  law. 
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NOTE  TO  APPENDIX  B 

I  •»  Korx:  In  tar  cm»  wber*  Ibere  b  »  mlxtmt  In  air  or 
I  w»Urormor»th»oootr»(lionadi<le,Ui€UmitijQ£  T»Iue5 
I  'hoSS^  ^  ^  AppeodU  sboakl  be  detwSaed  u 

I   ^i.Hf*»  *<*«^13' «na»imi<w  of  »dj 

S  ^f^,  '^'t  olbenrfae  oub-S 

C  DCJt  ia  •  mixtjort.  The  sum  of  mcfa  rmtio»  tor  aU  ib*!" 
u.  rediooodldefl  la  tU  mixture  roty  not  exceed  "l"  (rt,^ 

'    i^^**?f^"-     "dionwIWo  A.  B,  and  C  are  prejeat  to 
bx  conoeotnttoDJ  C*.      aad  Cc  »ad,t/  the  »ppSSSe<^ 

7.  If  ellh«r  the  klentitj  or  ibe  concentration  of  aay 
radkxiudide  la  tbe  mlxturt  is  not  knoim.^tbe  limitini 
ralues  for  purjtoses  of  AppendU  B  shall  be: 

a.  For  pxupoae*  of  Table  I,  CoL  1— «x  lO-»» 

b.  For  purpoee*  of  Table  I.  Col.  3 — i  x  10-' 
c  Ppr  purposes  of  Table  II,  Col.  1—2  x  10-^ 
d.  F6r  purpose*  of  Table  II,  CoL  2—3  X  lO-^ 


3.  If  tnj  of  tb«  condltlona  fpediled  below 
»i»jxiet,  tht  corr««pondlnf  TtJuet  spedfled 
below  may  b«  tued  ln»Ueu  of  tboM  tpedfled 
In  pmcniph  2  abOT*.  ' 

a,  U  tb«  IdenUty  cf  each  ndlonticUd.  la 
th9  xalxtura  U  known  but  tb«  concentraUon 
of  ont  or  znor*  of  tbe>,r«dionucllde»  In  th« 
mUturt  U  not  known.  th«  conccntraUon 
limit  for  tb«  mlxturt  u  the  limit  »peclfled 
In  Appendix  for  tb«  radionuclide  In  the 
mixture  baring:  the  loweet  conccntratloa 
limit;  or  • 

b.  If  th«  IdenUty  of  each  radionuclide  In 
the  nilxtur*  U  not  known,  but  It  U  known 
that  certain  radlonuclldea  spedfled  In  Ap- 
pendix ar«  not  preeent  In  the  mlxtiire 
the  concentration  limit  for  the  mixture  U 
the  loweet  concentration  limit  epedied  In 
Appendix  •3"  for  any  radlonucUde  which  U 
not  known  to  be  abeent  -from  the  mixture^ 
or  '  •  •  * 


,   e.  Elemeaf  (atomic  Domber)  aad  botope 


11  It  ts  known  that  8x  0%  112^1  12S^  I  129. 1  131,  (1  133. 
Uble  II  only),  Pb  210.  Po  210,  At  ^t,  Ka  223,  Ra  221, 
Ra  22«,  Ac  227.  Ba  228,  Th  ?3u.  Pa  231,  Th  ^  Tt^ 

^  nat,  Ctp  248,  CI  254,  and  Fm  i36  tre  «ot  prcMiit  

If  U  to  known  Uut  Sr  90. 1  125.  l.J2«,  I  W9,  (I  131, 1  133, 
table  II  only),  Pb  2rCL  Po  210,  Ra  723,  Ra  226.  Ra  22L 
Pa  231.  Tb^t,  Cmi^  CI  2S4,  »ad  Fm  25ft  u»  not 
,   present  ;  

Ult  Is  known  that  8x  90. 1  ^29,  (1  125.  1  12«,  1 13»,  table  il 
only),  Pb  210,  Ra  22^  Ra  2a,  Cm  24>,  ar^  Cf  2Mare 
not  present  ,  

Ult  b  known  that  (1 129,  table  11  only),  Ra226,  aad  Ra' 
228  ara  not  prtMAt  \. 

II U  fa  known  that  aiph^eraJtten  and  Sr  90,  I  l».  Pb" 
210,  Ac  227,  Ra  228,  Pa  230,Pu  ?41.  and  Bk  249  are  not 

present    

•  II  Jt  is  known  that  alpha-emUten  and  Pb  210,  Ac  »7,' 
Ra  228,  and  Pu  241  are  not  present  

If  jt  fa  known  that^alpba^mitten  and  Ac  227  are  not 

11  YtSi  nown'  that*  Ac  737.'  fh  230,'  Pa -231 ,'  "Pu  P  ti ' 
239,  Pu  240^  Pu  242,  Pu  244,  Cm  248.  Cf  249aad  Cf  251 
art  not  prtseat  


Table  I 


Coionm  I 
AlrUClAnl) 


*Wat«r 

OiCf/ol) 


axJo-« 
axi^ 

JX10-" 
3XlO-a 


»xio^ 

«X1CH 
2X1CH 

axio^ 


Table  n 


Cotaam  1 
AlrO*Cl/ml) 


ixio-* 

IXlO-u 

ixio-" 

IX10-" 


ColtnrxQ  2 

Water 
UCi/ml) 


Jx»-» 

?X1(H 

•xio-» 
J  ixio-» 


4.  If  the  mixture  of  radionuclide*  con- 
^  eliU  of  urauluyi  and  Itt  daufbt^r  product*- 
n  ia  ore  duet  prior  to  chemical  pxx>ceeelnf  ot  • 
"1  the 'uranium  ore«  the  raluei  epecUIed  below 
It  may  be  uaed  In  lieu  of  thoee  determined  In 
Accordance  with  parafraph  X  abOTe  or  thoee 
y  epedfled  In  paragrapha  2  and  t  «b0Te. 


a.  For  purpoeea  of  Table  T,  Col.  1— 1^10-»* 
iiCl/ml  groca  alpha  actlTlty;  or  5x10-^  mCX/ 
ml  natural  uranium;  or  .70  mlcroframs  per 
cubic  meter  of  air  natural  uranium. 

b.  For  purpoeea  of  Table  II,  Col.  1—3  X 10-^ 
ACl/ml  froea  alpha. activity;  ,or  2x10*"  aOI/ 
ml  natural  uranium;  or  S  mlcrocrama  per 
cubic  metier  of  air  natural  turanlum:  * 

0.  For  purpcaea  of  tkla  «ote,  a  radio* 
x^tidlde  may  be  cotuldered  ac  not  preaent  In 
a  mixture  If  (a)  the  ratio  of  the  concentra- 
tion of  that  radlonudlde  In  tb«  mixture 
(Ca)  to  the- concentration  limit  fdr  that 
radionuclide  epectfled  In  Table  Jl  of  Ap« 
pendlz  .  B    {UrCi)  dpet  not  exceed  Mo 

.    Ca      '1  * 
(l  e.  jJI^^Jo  ^  "^^^ 
ratloe  for  all'the^radlonuclldee  conaldered  aa 
not  preeent^  In  the^ttUxtture.  does  not  exceed 

54  [         '  , 


(I.a. 


Ca 

Iff^A 


Ca 

■  Jf  FCa  ' 
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MterUl*  iiierocurUM 

Amerlclum'341   .  -01 

AnUzDozi7»U2  lOa 

AntSiaoii7-134 
Anttmony-ias 

Amnlc-73  

Ar»ealc-74  ... 

Ar»«nlc-78  

Ar»eQlc-T7  

Buflixm-lSl 
•anum'l33  — 
B«rtum-140 


10 
10 
100 
10 
10 
100 
10 
10 

1 

/  JO 
^10 


BUmutb-310  :..  — 

Bromln**^   —  — 

Cadmlum*10f   

Cadmlum-nsm   

Cadmium-US    100 

C*lctum-4i     10 

(Mdum-Al    10 

Carbon-14  _!   -   100 

Cerlum-141    -   100 

Cerlum-143   100 

Oertum-144   1 

C«clum-I3l    UOOO 

C««lum-134m  .-    100 


Ceslum-134  . 
Cetium-135 
Cesium- ISt . 
Ce«ium-137  . 
Clilorta«-39  - 
CbIorUie*3t . 


ERIC 


10 
10 

1 

100^ 
10^ 


1 

10 
10 
10 
10 

  lb 

Chromlum-il  -  1»000 

Cob«It-5tm  ..... 

Oobalt-M  

Cobalt-CO  

Copper-#4  - 

Djsproftlum-lU 

D7Sprotlum-lM   .   ^00 

Erblum-lOt    100 

Erblum-171  -   100 

EuTOplum-153  9J2  b  .    100 

C4  Europlum-153  13  yr   l 

5  Europlum-154  .-^   1 

fr  E«roplum-lM    10 

u.  Tluortne-18  -   l»000 

u)  0*dcimiuin-163   -   10 

«  aa<lollnlum-l»   ,   100 

0«llnan-73     10 

0«r7nmalum-71   .--  -*-  100 

Oold-IM  —I  -   100 

O01d-1M  ..4  **Nrv—  

H»fnluip-ltl  —   *  10 

Holmlura-IM   '  100 

Hydrpfen-3   UOOO 

Xndlum-li3m  .-   100 

Xndlum-I14m  .-  <.  

Zndlum-llBm  

lnd!um-115  

Iodrne-135   

Iodlne-138   ,  

Iodln«-l^   T  

Iodine- 131  -  

Iodliie^33  ..'  

Iodln«-133  — 

Iodtn«-l34    .- 

Iodlae-135   ^  *- 

Irldium-IM  -i— 

Irtdlum-IM  ^  — i- 

Iron-W  » 

ZroD-SO  — -i  :  J--.  

Krypton-«tf   — - 

Krypton-t7  —   

LjmthAnum-'l40   .— 

LuUtlum-lT7   — - 

Msn|«ne««-53  .   

MAnganMe'H  -  ..*.... 

M«nf«ziMe-M  .    -r 

Mercury-l»7m    100 

Mercury-l»7  ./-   100 

Mercuryaoa  -  — 10 

Molybd«num-»d  ^  r  ^00 

NfOdymlum-147   100 

Neodxmlumr'ua    ^ —  100 


M 

10 
10 
10 


NIckel-Sd  - 

Nickel-^  r.. 

Nlckel-«5  

Nloblum>93m  .'k- 

NtobluTO'ftS  

Nloblum-t7  

Otmium-itft  .... 


100 
10 
100 

10 
10 

10 

10 


Ocmlum-ltim*.   100 

T»ilum-tfl    100 


0«mlum-lM 

p»U»dlum-103  

PalUdlum-lOft'  ------ 

Ftiofpboni>-S3   - 

FlAtlnum*191    

FlAtlnum-l93im  


ioo 
io6 

lOQ 
10 
100 
100 


Any  alpbm  •mltUBc  nul|oatieUd« 
not  UMfi  »bot^  or  «dxt«m-  of 
,«lpbA  maXWm  ofmntoown  00m- 
'poalUoa   _  

Any  ndlpnucUd*  otbar  than  alpb* 
4mlUl&f  ndlooocUdM,  not  lltud 
AboT«  or  mlxturta  of  b«t«  «mlt-  . 
ten  of  unlcnown  oospositloo...  •! 

Now:  For  puxpotm  of  II  30^  •xtd  aO.^ 
wbM  tbwt  U  UTOlTvd  %  oooxbtDAtloa  of  ItO* 


JUunum-lW    100     i  (^^^  ^  know*  Maounu  th«  Umrt  for  tb» 

K*unum-  f7a   gS—ft^blaaUofi  »bould  bt  dertrtd  *»  follow.: 

PUtlnum-lt7  ...   *w     n  ]z  i  j^^^^TIT  «  w  tm^,^  in  «ka  ^vmHm. 

P1utonlum-33f  •  «-  — 

Polonlum-310  .  -r-»  0. 

PoUMlum-42,   -  ,  10 

PrsModymlum-143  ......   100 

pmeodymlum-143    100 

Prom«thlum-l47    10 

Prom«thlum-14ft    10 

B»dlum-23«   — i   •  ^ 

■Rhtalum-ltC     100 

Rhenlum-IM    100 

IUiodlam.l03m    100 

Rbodlum-10*   -  100 

Rubldlum-M    10 

RubIdltun-«7  ^  — —  10 


RuUitnlum-f7   —  lOO 

Ruth«nlum-lOC   

ltutb«alum-10i  —  

Rtlth«Klum-10#  

SaaurtuB-lBl  

fl«mArlum-lS3   

9caDdlum-4«  

Sc*ndlam-47  ..  •** 

Sonrtlum-4t  

8«lenIum-7S   *t — 

Smcon-31  

Silw-lOfr   ,  

SllTtr-llOm  , 


10 
10 

1 

10 

100 
10 
f  100 
10 
10 

100 
10 

1 


01 1  D«t«nifla#.  for  meh  liotop*  In  th«  ooi^blm- 
,  *  ttop.  tb«  r»Uo  b«tir»«  ih»  quantity  pt^oX 
^  In  tb«  oocDbUukUon  and  tbc  limit  otbcrwlM 
^  catabUsbad  for  tbt  «p«eiae  laotop«  wb«n  not 
yR  in  oomblnauon.  Tb»  turn  of  ^cb  ratio*  for 
all  tba  ItotopM  tn*xli«  oocnblnatlon  may  not 
tzcMd  "l"  (ljt^-**umty").  Bxampla:  For  pur- 
pom  oC  1 30^  If  a  parueular  batch  coo- 
taint  20.000  >iat  of  Au»»  <nd  50,000  fiQf 
of  C*.  It  nuy  jbo  induda  not  more  than 
300  /iQtof  1*^''  Thi«  ^"^^  determined 
as  foUows: 

iSIA  Kt         lao.foi  wci    f  1,000  tcx 
Tba  '^^i**^  |m  aaok  o<  tba  abov* 
Tstloa  iraa  obtAlnad  l>y  multl^lylnf  tba  flfwt 
in  tba  tabla  by  IjOOO  m  prorldad  im  f  d0^04. 


8Uyer-lll  a   —  --  *100 


Sodlum-34   

Strontbum-$S  

8tronUum-M  

8tronUum-90  

Strontlum-Ol  

8trontlum-93  , 


10 
10 
1 

0.1 
10 
10 


10 
100 
10 
1 
1 

0.1 

1 

10 

1 

10 
10 
10 
100 

ioo 
16 
100 
10 


8ulptout-35  —   100 

TanUlum-lM  —   10 

TecbntUum-M   -  '  10 

Tecbn*tium-»7m  ..^   100 

Tacbnctlum-»7    100 

TecbneUum-Mm  -  #—  100 

  10  , 

  10 

„   10 


Technailum-M 
T«Uurli^-135m  - 
T*Uurlum-137m 

Tallurlum-137  —  100 


T«ilurlum-i39m 


10 


Tsllurlum-1»    100 

Tellurlum-131m  —  ^*0 

Tallurlum-133   —  10 

Terblum-1«0  ...^^   -  *0 

ThaUlum-300  -  -  100 

ThaUium-^1   -100 

Thalimm-202   100 

Tballlum-204   -   ,  ip 

♦*lliortum  (natural)*   i« 

Thullum-170  *  —  10 

Thullum-171    —--  10 

Tln-113   -  *   10 

•  ^n-12fi   — —  10  

Tun«sUn-18l  —  -  10 

Tunpten-186     10 

^  Tunt»Un-187   lOp 

**0raaftim  (naturai)*.  lOO 

Urtinlum-233   '  -01 

Uranlum-334--xrrinlum-338  ......  .01 

Vanadlum-48     IJ 

Xenon.l31m'-  r—  1»000 

Xenon-l»3   -   JOO 

Xenott-138  *  100 

Ytterblum-178     ipo 


YltrliAn-»0 

;yttrlum-9l  r.. 

Tttrium-93   

Tttrlum-M 

Zlnc-86  .-' 

Zinc-8fm  .—  

Zlnc-6»   I'OOO 

Ztrcontum-03  10 

ZircoRltznt*!^^  10 
Zircontum*07i  10 


10 
10 
100 

;oo 

10 
100 
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<BaMd  00  ktpti*  41«lntHi«tlon  rata  of 
Tb-3sa.  Tlx-dtO  Mad  tbatr  tfaufhttr  products. 
sB«aa4  om  ilpli*  dfirtntagratton  rau  of 

•    Amtndedr^4  FR  16198. 

Amended  \39  FR  23*90. 
t    Amended  31  FR  29314^  
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App«hdlK  O 

UNITEC^  STATES  NUCLEAR  REGULATORY  COMMISSION 
INSPECTION  AN6  ENFORCEMENT  REGIONAL  OFFICES 


R*flon 

>  Addrau 

Talaphor»a 

Oaytlrna 

Nif  hts  and 
f^lolldays 

t 

ConMctlcut,  0*i«w»rt,  Olstrlct  of  Co- 
lumbia. Miln«,  Maryland.  MisHchtH 
Mtts,        Hampthlr*,  Naw  Mrw/,  .  ^ 
Naw  York,  Ptnnsylvania,  Rhoda  is- 
land, and  varmont 

\ 

Raftoh  K  USNRC'^  < 
Offica  o/  Inspection  ana 

Efirorcamant  , 
(3t  Pirk  Avanua 
Kinf  or  Prussia,  Pa.  t940( 

(2IS}-337'II50 

(215)  337-1150  ' 

41* 

Alabama,. Florida.  Qaorfla,  Kantucky, 
MHslisJppI,  North  Carolina.  Panama 
Carial  Zona,  Puarto  Rico,  south 
Carolina,  Tann«iMa.  Vlralnla,  Vlrain 
Iflandi,  and  Wart  Virginia 

Raaion  II,  USNRC 
Offica  of  Inspactlon  and 

Enforoamant 
230  Paachtraa  St.,  N.W. 
Sulta  ttS 

Atlanta,  Oa.  30303 

(404)  S2S-49r03 

(404)S2(-4S03 

iti 

tlllnolc,  Indiana,  lowi,  MIcttlfan,  Minn** 
iota,  Mt«sourl,  Ohio,  and  Wisconsin 

Ra«lon  III.  USNRC 
Ofnca  of  fnspactlof)  and 

Enforcamant 
799  RooMvatt  Road 
QJ«n  Eltyn,  III.  C0i37 

(312)  «Ct.2((0 

•(312)  739-7711 
•  / 

r 

•'        '  • 

ArKantts.  Cotorado,  Idaho,  Kansas, 
Louisiana.  Montana,  Nabraska,  Naw 
Maxico,  North  OakoU.  OklahpnrM, 
South  Dakota,  Taxas,  Utah,  and 
Wyominf 

•RWion  IV;  USNRC 
Offica  of  Inspection  and 
.  Enforcamant 

-Jill  Ryan  Ptaza  Ortva 
Sulta  1000 

Arllnfton,  Taxas  7(012 

•(«I7)  334-2t4l 

•(•17)  334-2t4l 

i 

t  *> 

V 

Atask*,  ArUona,  California.  Haw«1t. 
Navada,  Orafon,  Wathinfton,  and  U.S. 
tarrltoritt  and  powasslons  In  th« 

Cclfic                       ^  . 

•  Raalon  V,  USNRC 
Offica  of  Inspection  and 

Enforcamant ' 
1990  N.  California  Blvd. 
Sulta  202 

Walnut  Craak,  Calif. 
94S9( 

♦•<4I5)  4I(-3I4I 

(415)  273*4237 

t 

 ^38  FR  17196  

•  .  Amarrdad. 

••  Amandad  39  FR  17972.  • 

* 

t 

f  ' 

K 

* 

ft  • 

t 

K 

\ 

*  y» 

HCXTZ:  Tilt  reportinf  tnd  racofd  kMiitf  ' 
nquktumu  conlaliMd  in  f  |2a2Q5<b)  aiui 
20.205(c)  lAd  nquh^d  by  820.401(b)  h«vt 
htn  apmovtd  by  GAO  iindi^  B-1M225 
(RO054),  TTie  apptovtl  «x]>irM  XufM 
1977-  r  . 
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APPE'lD  IX  M 
2^  TABLE 


.  4  ./ 


■  3 ; 

> 

CD  -  < 

r- 


ERJC 


833 


'  TABIE  (2^  values) 
Guide  for  Safe  Siding  2^  Table  Values 


Uriknown 


Enter^2^Table 
.  with   


Select 


Leave  2  Table' 
with* 


^1/2 
X,  t 

R 

R 


n 

n 


smaller  2 
larger  2^ 
smaller  n 
larger  n 


2^ 


1.000 
1.072 

l.lJi9 
1.232 
-1.320 
I.U5 
1.515 
1.627 
1.7'+3 
1.868 


2.000 

2.150 

2.300 

2.J;70 

2..6k0 

2.830 

3.030. 

3.250 

S.kQo 

3.730 


2.0 
ea 
2.2 
2.3 

2.  V 

2.5 
2.6 
2.7 
2.8 
2.9 

3..0 

3.1 

3. -2 

3.3 

3.5 
3.6 
3.7 
3.8 
3.9 


J;. 000 

J;.286 

'+.590 

V.950 

5.280 

5. -650 

6.050 

6.500 

6.950/ 

7. '+50/ 

8.006 

.8.55; 
9.18 

^5•85' 
10.60  . 
11.30 
12.10 
•13.00  „ 
13.90  ' 
15.00 


k.O 

h.i 
h.2 

h.3 
k:h 
h.y 
k.6 
h.l 
k.8 
h.9 

5.0 
5.1 
'5.2 
5.3 

%h 

5.5 

'5.6 
'  5t7 
5.8 
*5.9 


16.00 
17.20 
l8.J;0 
19.70 
21-.  20 
22.60 
2lt-*20 
25".90 
27.80 
29.80 

32.0 
3*^.2 
36.7 
39.2. 
lf2.l  ' 
1^5.2 
■hQ.h 

52.0 
56;  0 
60. 0' 


6.0 
6.1 
6.2 
6.3 
6.1)- 

6.5 
6.6 

6.7 

£18 

6.9 
7.0 

r.i 

7.2 
7.3 
l.h 
7.5' 
T.6 
7.7 
7.8 
.7.9 


61^.0 

68.0 

ik.O 

78.0- 

8U.0 

90.0 

9^.0 

IdJ; 

112  - 

119 

128 
13*5 
lJ;6 

157 

170 

181 

191+ -■ 

206 

220 

2h0 


/  The  use;' of  t^e  gul^e  for  safe  sid'ing  depefids  on  the  variable  vhich 

is  unknown.    For  example,  if  the  thictoiess  is  unknown,  find  X  in  the 
"unknown" -cralumo,  read* to  the  right.    Find  that  you  should  enter  the 
'table  with  2^,  select  the  larger  value  of  2^,  select  the  larger  value 
'    of  2"^'  and  leave  with  the  value  of  n  corresponding  to  that  largest  value. 


ERIC 

hriinniimrrTuaaiia 


861 


834 


V. 


u 


.  8.0 
8.1 

8:2 

8.3 

e.k 

8.5 
8.6 

8.7 
8.8 

8.9 

9.0 
9.1 
9.2 

9.3- 
9.1* 
9.5 
9.6 

9.7 
9.8 

9.9 

10.0 
10.1 
10.2 
10.3 
10.  U 

10.6 

10.7 
10.8 

10.9 


256 
272 
292 
312 
338 
360 
385 
kl^ 
hh3 
hSo 

■  512 
550 
580 
630 
680 
720 
770 
830 
890 
950. 

102U 
1100 

1180 
1260 
1350 

1U55- 

1560 

1670 

1780 

1920 


a 


11.0 
11.1 
11.2 

11.3 

11.  h 

11.5 
11.6 

11.7 
11.8 
11.9 

12.0 
12*1 
12.2 
12.3 

12.  U 

12.5 
12.6 

12.7 

12  ."8 
12.9 

13.0 
13.1 

i3»a 

13.3 

13.  h 
13.5 

13  .'6 
13.7 
13.8 

13.9 


20U8 

2200 

2360- 

2^30 

26i;0 

2900 

3110 

3330 

3560 

3820 

U096 
U390 

5070 

3k20 
5790 
6206 
6760 
7120 
7630'- 

8192 
-8760 
9hlO 
10100 

10870 
11600 
12900 
13300 
1U200 
15UOO 


lU.O 
lU.i 
,  ih.2 
lh.3 
Ih.h 

Ih.S.  } 

1U.8 
lh.9r 

.15.0 

15.1 
15.2 

15.3- 

15.5 
15.6 

15.7 
15.8 

15.9 

16.0 
16.1 
16.2" 
16.3 
16.  U 

16.5 

16.6- 
.16.7 
.16.8, 

16.9 


1638!* 
17600 
18850 
20200 
&I8OO 
23200 
2U8OO 
26600 
28500 
50600 

32768 
35100 
37600 
U02OO 
1*3200 
h6hoo 
U9600 
53300 
571*00 
61600 

65536 
69700 
75800 
80000 
86200 
92300  ■ 
99500 
107000 
115000 
122d00 


1,7.0 
17.1 
17.2 

17.3 
17:1* 

17.5 
17.6 

17.7 
17.8 

1'7.9 

18.0 
18.1 
18.2 
18.3 
18.1* 
18.5 
18.6 
"  18.7 
18.8 
18.9 

19.0- 
•  19.1 


131072 
139000 
1500OO' 
162000' 

171*000 
186000 
199000 

211Q00 
228000 
.2U6OOO 

262000  . 
279000 
299000 
.320000 
327000 
369000 
395000 
1*26000 
1*56000 
1*92000, 

525000 
561*000 


19. 2u  591*000. 
19/3  61*6000 

19.1* 
19.5 
19.6 

19.7 


19^8 

19.9 

20.0  . 


696000 

73^000 
788boo 
852000 
903000 
971*000 


^050000 


ERIC 


835 
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